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1.  Designer/Computer  Interactive  Model  for  the 
Architectural  Design  Process  


integrating  Computers  Within  Architectural  Education 
Programs:  An  Outline  Proposal 


Abstract  of  Dissertation  Presented  to  the  Graduate  School 
"'®  University  of  Florida  in  Partial  Fulfillment  of  the 
e Degree  of  Doctor  of  Philosophy 


Requirements  f 


The  purpose  of  this  study  was  to  identify  the  potential  uses 
of  computers  within  the  architectural  design  process,  to  identify 
ourrieulim  needs  for  integrating  computers  within  arohiteotural 
design  education  studios,  and  to  develop  a proposal  tor 
integrating  oonputers  within  the  architectural  design  process  and 

The  study  was  conducted  in  three  phases.  The  first  phase  took 
the  form  of  a Nominal  Group  Technique  (NGT)  which  Involved  a panel 
of  10  members  of  the  University  of  Florida's  Architecture  faculty. 
In  two  meetings  the  panel  produced  two  lists,  one  identifying 
potential  uses  of  computers,  the  other  outlining  possible 
curriculun  needs. 

Phase  two  involved  the  distribution  of  questionnaires  to 
architectural  professionals.  The  questionnaires  swnnarized  the  NGT 
findings  and  sought  reactions  from  architectural  educators  and 


practitioners  in  100  schools,  members  of  the  Association  of 
Collegiate  Schools  of  Architecture,  nnd  150  randcmly  selected 
firms.  The  105  respondents  were  assigned  to  one  of  four  groups 
based  on  their  profession  and  their  use  or  non-use  of  computers: 
educators/users,  educators/non-users,  practitionors/users,  and 
pract i t ioners/non-users. 

Four  null  hypotheses  pertaining  to  difference  among  the 
variables  of  architectural  profession  and  work  setting  were 
postulated  for  this  study.  Thuy  were  tested  using  a one-way 
analysis  of  variance  nnd  a two-way  analysis  of  variance.  In  this 
analysis,  the  educators'  and  practitioners'  perception  served  as 
the  dependent  variable.  The  profession  factor  (educators  and 
practitioners)  and  setting  factor  (users  and  non-users)  served  as 
the  Independent  variables.  Significant  differences  were  found  at 
the  .05  level  for  three  of  the  four  hypotheses.  Although  educators 
and  users  perceived  computers  to  have  more  potential  in  the  design 
process  than  practitioners  and  non-users,  observed  means  support  a 
consensus  among  the  four  groups  on  specific  potential  uses  of 
conputers  and  curriculun  needs.  Further  analysis  of  the  overall 
calculated  ^-ratios  indicated  that  the  factor  of  using  or  not 
using  canputers  had  the  greater  impact  on  both  architectural 
educators'  and  practitioners'  perception  of  the  computer's 
potential . 

In  the  third  phase,  a dcsigner/computer  interactive  model 
within  the  architectural  design  process  and  an  architectural 
design/cemputer  Integrative  curriculun  proposal  were  developed. 


computers  in  design  practice  in 
ited  a gap  in  the  relationship 


id  educators.  Practitioners  want 
provide  new  graduates  with  expanded 


architectural  offices, 
between  practitioners 
architectural  schools 
skills,  graduates  who  ai 
efficiency  in  the  office  and  for  assistance  in  the  design  process. 
They  complain  that  changes  are  not  taking  place  in  academic 
settings.  The  computer  as  a design  aid  remains  an  underutilized 
resource  as  a result.  In  this  one  aspect,  recent  graduates  from 


architectural  schools  are  unable  to  meet  the  needs  of  the 


profession  (Filson,  I985j  Greonfield,  1972|  Lazear,  1984). 

This  situation  has  generated  interest  in  the  educational 
world.  For  instance,  a study  by  the  Department  of  Architecture, 
Carnegie-Mel Ion  University  (Akin,  Planing,  A Woodbury,  n.d.), 
stated  that,  although  theory  exists  regarding  the  incorporation  of 
the  computer  fruitfully  Into  the  design  process,  in  practice 


computers  are  primarily  used  as  a means  to  increase 
productivity  by  making  the  execution  of  routine  tasks 
more  efficient.  Computer  technology  has  had  little 
impact  on  the  way  in  which  designs  are  created,  which 
continues  to  follow  the  traditional  intuitive  approach. 
Computers  have  not  been  used  in  education  In  a way  that 
fosters  intellectual  development  of  alternate  approaches 


Purpose  of  the  Study 

The  purpose  of  this  study  was  to  identify  the  potential  uses 
of  computers  within  the  architectural  design  process,  to  identity 
curriculum  needs  for  integrating  computers  within  architectural 
design  education  studios,  and  to  develop  a proposal  for 


If  Ml 


In  Phase  II,  the  findings  of  the  NGT  process  were  dlstributi 

architecture  schools  which  were  members  of  the  Association  i 
Collegiate  Schools  of  Architecture  (ACSA).  A comparison  of  tl 
educators'  perceptions  and  evaluations  of  these  findings  wi- 


In  Phase  III,  the  findings  of  the  analyses  conducted  in  Phase 
I,  the  NGT  process,  and  the  literature  review  served  as  the  base 
or  the  development  of  a designer /computer  interactive  model  and 
n architectural  design/camputer  integrative  currlculim  proposal. 


Significance  of  the  Study 

Architectural  design  procedures  have  been  slow  to  change  with 
respect  to  incorporating  state-of-the-art  computer  technology. 
Architects  who  advocate  the  use  of  computers  believe  that  the 
computer  offers  virtually  untapped  potential  for  enhancing  the 
architectural  design  process  from  inception  through  completion. 
Although  computers  appear  to  have  significant  advantages  to  offer 
architects,  universities  havo  been  slow  to  adopt  the  computer  os  a 
tool  In  the  architectural  design  process.  Educational  planners 
find  themselves  faced  with  the  dual  problem  of  integrating  the 
computer  into  existing  programs  and  providing  for  the  rapid 
changes  in  computer  technology  which  affect  the  future  of  the 
profession. 


computer-s 


design  fostered 


the  formation  in  1981  of  the  Association  for  Computer-Aided  Design 
in  Architecture  (ACADIA).  ACADIA  sponsors  on  annual  workshop,  with 


a focus  on  computer  applications  to  architecture.  The  1985 
and  1986  workshop  programs  demonstrated  the  extent  to  which 
professionals,  educators  as  well  as  practitioners,  are  concerned 
with  this  issue  (ACADIA,  1985,  1986).  Conversations  with  ACADIA 
personnel  revealed  to  this  researcher  how  eagerly  the  profession 


However,  Wendle  (1983)  pointed  out  some  cautions  about 
computers.  He  questioned  the  pervading  belief  that  computers  plus 


A computer  system  is  an  excellent  tool  that  can 

careful  that  its  very  presence  does  not  limit  your 
ability  to  think  and  respond  creatively.  . . . Certainly 
future  architectural  practice  will  embrace  computer 
technology,  and  the  applications  for  the  hardware  and 
software  will  be  imaginative  and  far  reaching.  Despite 
their  capabilities,  however,  computers  are  only  a 
complement  to,  not  a substitute  for,  good  management 
. . . and  sound  professional  judgment,  (p.  78) 


In  an  early  report,  Haviland  (1966)  cautioned  those  who  are 
involved  to  be  careful  not  to  fall  into  what  he  colled  the  trap  of 
"seeking  applications:  The  question,  how  can  the  computer  be 
applied  to  architecture  is  misguided,  dangerous,  and  foolish. 
. . . The  best  way  to  avoid  it  is  to  keep  in  mind  the  symbiosis  of 
man  and  machine.  Where  are  extra  advantages  to  be  gained  from  the 


combination?"  (p. 


The  debate  continues  in  print  about  the  use  of  computers  in 
the  architectural  profession.  The  question  of  how  and  where 
computers  could  be  best  utilized  to  enhance  human  creativity 
within  the  design  procoss  has  not  been  answered.  This  research  was 
designed  to  provide  information  to  help  answer  the  question:  How 
can  the  computer,  as  a design  aid,  be  integrated  effectively  into 
tho  architectural  design  education  studios? 


Delimitations 

This  study  was  aimed  at  the  use  of  computers  as  an  aid  In  the 
design  process.  Only  the  published  research  and  the  expert 
opinions  relating  to  this  aspect  were  reviewed.  Also,  the  computer 
was  viewed  as  a tool  for  use  by  architects;  the  study  did  not 
include  an  examination  of  possible  technology,  either  hardware  or 


The  procedure  used  in  this  study  was  to  apply  the  Nominal 
Group  Technique  (NGT)  to  assess  the  usage  of  computers  in  the 


architectural  design  process  only.  Therefore,  other  eanponents  of 
the  use  of  computers  in  the  architectural  profession  and  in 
developing  tho  technology  were  not  studied. 

The  100  architectural  schools  involved  in  this  study  were 
preselected  by  virtue  of  their  membership  in  the  Association  of 
Collegiate  Schools  of  Architecture  (ACSA).  The  predetermined  size 


or  the  schools  sample  and  the  desirability  of  sele< 
architectural  firms'  sample  comparable  In  size  meant 
population  of  the  firms  should  be  limited.  Therefore, 
firms  which  participated  in  this  study  were  randomly  sciei 


the  southeastern  and  northeastern  regions  of  the  United  States. 
This  limitation  of  the  overall  population  helped  increase  the 
probability  of  selecting  a representative  cross-section  of  firms, 
that  is,  both  large  and  small,  computerised  and  non -computer ized. 


Limitations 

This  research  involved  the  judgments  and  opinions 
architectural  educators  and  practitioners  who  are  familiar  w 
computers.  The  conclusions  generated  may  lack 
of  view  of  the  computer  science  experts. 

Due  to  the  geographical  limitation  on  th( 
perceptions  of  responding  practitioners  » 


Definitions 

Nominal  Group  Technique  (MIT)  is  a structured  group  meeting 
which  follows  a prescribed  sequence  of  problem-solving  steps.  The 
nominal  group  meeting  proceeds  along  the  following  format: 
generation,  discussion,  and  mathematical  evaluation  of  ideas. 
(Delbecq,  Van  de  Yen,  A Gustafson,  1375 ) . 

Architectural  design  proceas  as  used1  in  this  study  is  a 
sequence  of  stages  that  lead  to  the  solution  of  architectural 
design  problems.  Through  this  process  "a  problem  is  defined 
verbally,  then  solved  graphically  through  a reiterative  ond 
cyclical  process,  ultimately  leading  to  a physical  form  that  has 
meaning  for  the  designer,  client,  and  user"  (Pate,  1986,  p.  8). 


Computerized  settings 


architectural  schools 


professional  firms  that  uso  computers  in  the  design  process. 

Non-computer Ized  settings  are  the  architectural  schools  and 
professional  firms  that  do  not  uso  computers  in  the  design 

Curriculum  needs  are  in  reference  to  potential  changes  or 
adjustments  that  may  be  necessary  in  order  to  make  optimisn  use  of 
computers  in  the  design  process. 

Architectural  educators'  and  practitioners'  perception  as 
used  in  the  null  hypotheses  of  this  study  is  defined  as  the 
perception  and/or  philosophy  of  the  schools  and  firms  with  which 

The  specific  design  function  refers  to  any  of  those  design 
functions  identified  through  the  Nominal  Group  Technique  (NGT) 

The  specific  curriculum  change  refers  to  any  of  those 
curriculum  changes  identified  through  the  Nominal  Group  Technique 
(NGT)  process  that  would  allow  the  integration  of  computers  within 
architectural  design  education  studios. 

The  two  categories  of  architectural  educators  as  used  in  null 
Hypothesis  1 of  this  study  are 

1.  Those  architectural  educators  who  work  in  caiqmterized 
settings  and  have  already  implemented  the  specific  curriculum 
change  to  allow  the  integration  of  computers  within 
architectural  design  education  studios. 

2.  Those  architectural  educators  who  work  in  non-computer i zed 
settings  and  hove  not  made  the  specific  curriculum  change  to 


allow  the  integration  of  computers  within  architectural 
design  education  studios. 

The  two  categories  of  architectural  educators  and  architec- 
tural practitioners  as  used  in  null  Hypotheses  2 and  3 of  this 


Those  architectural  educators  and  architectural  practitioners 
(professional  levels)  who  are  using  computers  in  the 
architectural  design  process  (computerized  setting). 

Those  architectural  educators  and  architectural  practitioners 
who  are  not  using  computers  in  the  architectural  design 
process  (non-computerized  setting). 


Technical  process  (T)  refers  to  those  design  functions 
(tasks)  In  which  the  process  of  finding  an  answer  is  formalized 
(rational  process). 

ess  (NT)  refers  to  those  design  functions 


formalized  (intuitive  process). 


CHAPTER  II 
LITERATURE  REVIEW 


Literature  concerning  computer-aided  design  systems  in 
relationship  to  the  design  process  in  architecture  is  discussed  in 
this  chapter.  Also  reviewed  here  are  studies  that  examined  the 
relationship  between  architectural  education  and  professional 
practice  in  regard  to  cooperative  planning  for  educating  future 
architects.  Finally,  literature  related  to  the  Nominal  Group 
Technique  (NGT)  is  discussed. 

Computer-Aided  Architectural  Design 
Computer-aided  architectural  design  (CAAD)  is  an  information 
processing  system  used  in  the  development  of  alternative 
solutions  to  a particular  architectural  problem  It  is  intended  to 
aid  the  architectural  designer  in  reaching  solutions  in  those 
problems.  In  addition,  a CAAD  system  is  expected  to  help  the 
architectural  designer  in  the  creation  of  two-dimensional  and 
three-dimensional  drawings  that  are  normally  required  In  his/her 
typical  architectural  prnctioe  (Mitchell,  1977a). 

Pate  (1986)  defined  a CAAD  system  as  an  information 

1.  stores  and  retrieves  all  information  gathered  by  the 
architectural  designer  and  related  consultants* 


2.  helps  define  architectural  design  problems  in  the  form 
of  design  goals; 

3.  Identifies  all  the  possible  alternative  solutions  that 
satisfy  the  conditions  of  the  defined  design  goals. 


The  development  of  CAAD  systems  began  as  a natural  growth 
m the  computer-aided  design  (CAD)  systems  which  were  originally 


this  engineering  background. 


engineering  profession  (Mitchell,  1977a;  Pat 
>st  of  the  CAAD  systems  are  still  Indicative 
resulted  in  the  production  . 


what  Is  basically  an  automatic  drafting  machine,  with  no  real 
ability  to  address  the  architectural  design  process.  Of  the  three 
CAAD  functions  defined  above,  "only  the  first  case  of  data  storage 
and  retrieval  may  apply  to  many  CAAD  systems,  with  the  ability  to 
automatically  generate  alternative  design  solutions  virtually  non- 
existent" (Pate,  1980,  p.  33). 


Architectural  Design  a 


In  architectural  practice,  the  design  process  is  generally 
described  as  having  three  stages;  program  developnent,  schanatic 
design,  and  design  developnent.  These  stages  are  in  no  way 
considered  a linear  process.  Rather,  each  stage  is  composed  of  a 
varying  limber  of  parts  depending  on  the  designer's  Individual 
methodology  in  practice.  Syndcr  and  Catanese  (1979),  nfler 
examining  various  views  of  the  design  proeess,  divided  the  three 
broad  stages  described  above  into  five  basic  steps;  initiation, 
preparation,  proposal  making,  evaluation,  and  action.  Additional 


typical  variations  in  conceptualization  of  the  design  process  are 

In  searching  for  an  architectural  design  model,  Goldschmidt 
(1983)  believed  that  the  architectural  design  process  takes  place 
somewhere  between  "creativeness"  and  "problem  solving,"  and  that 
architecture,  as  a profession,  must  count  on  a large  database  of 
information  "with  rules  pertaining  to  its  teaching, 
inplementatlon,  and  perpetuation"  (p.  9). 

Rowe  (1982)  defined  the  use  of  "heuristic  reasoning"  as  the 
architects'  special  capacity  which  enables  them  to  execute  their 
design  tasks  insightfully.  He  viewed  design  as  a "phenomenon  where 
information  about  a problem  is  generated,  evaluated  together  with 
a grloM  knowledge,  and  solution  strategies  amended  together" 
(p.  IS). 


Ledewitz  (1985),  in  her  writing  on  ti 

who  see  design  as  mysterious  artistic  inspiration— 'non-problem 

solving' — and.  on  the  other  heed  ,kn.A  „ 

, Ollier  nano,  tnose  who  see  design  as  a far 

more  complex  intellectual  actlvity-'meta-problan-solving'" 

(p.  3).  Ledewitz  identified  the  "analysis-synthesis"  model  as  the 

one  widely  used  in  studio  teaching.  This  process  was  divided  into 

two  discrete  and  identifiable  partst  the  analysis  phase,  in  which 

investigation  of  site,  program,  etc.,  is  carried  out,  and  the 

"pre-design"  phase  where  analytic  sketches,  diagrams,  and  reports 

are  produced.  At  some  point,  a shift  occurs;  the  design  moves  from 

analytic  exercises  to  doslgn  proposals.  During  the  proposal  stage, 

"references  are  made  'back'  to  nnnlvoi*  —t,  . 

to  analysis  work,  but  no  new  analysis 


ST  FiS.* 


- g.  w- 


assignments  are  made.  This  continues  to  reinforce  the  segregation 
of  synthesis  activities  from  analysis  activities'1  (p.  3). 

Ledewitz  cited  many  critics  who  considered  the  analysis- 
synthesis  method  of  design  as  a "confusing  and  inaccurate  picture 
of  what  designers  actually  do"  (p.  4).  Furthermore,  "the 
segregation  of  analysis  frcm  synthesis  denies  the  validity  of  any 
preconceptions  in  design"  (p.  4).  "The  intact  of  design 
precedents,  typologies,  and  other  knowledge  we  carry  with  us  is 
not  only  inescapable  but  essential  to  creative  problon  solving" 
(p.  4). 


Ledewitz  suggested  the  "concept-test"  model  os  an  alternative 
to  the  "analysis-synthesis"  model.  In  this  msthod,  the  "designer 
conceives  of  a 'solution  in  principle'  early  in  the  design 
process,  which  is  progressively  developed  and  refined  or 
discarded"  (p.  51. 

New  methodologies  are  being  sought  that  would  allow  the 
design  data,  employed  during  the  design  process,  to  be  managed  as 
a complete  database  system.  Investigators  seek  a new  methodology 
which  would  enhance  creativity,  by  enabling  the  designer  to  spend 
more  time  on  exploring  alternative  solutions,  and  less  time  on 
physical  information  management  (Jones,  1970;  Krauss,  1973). 

Krauss  (1973),  in  his  writing  on  the  meaning  of  data  in  the 
design  process,  stated  that  "guidelines  for  information  frameworks 
. . . should  bo  open-ended  rather  than  'complete';  allow  the 
designer  to  consider  any  relationship  he  is  interested  In;  grow 
with  the  designer's  understanding  rather  ti 


problem"  (p. 
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architectural  design  to  help  in  the  development  of  CAAD  systems. 
First,  architects  must  agree  on  defining  certain  terminology  that 
can  be  universally  accepted  for  developing  statements  about  the 
architectural  design  process.  Secondly,  architects  should  "be  ns 
explicit  as  possible  in  defining  new  concepts"  (p.  16). 

To  overcome  the  problems  related  to  the  disagreement  among 
architects  that  may  occur  in  combining  the  various  sets  of 
statements  which  will  develop  a variety  of  predictions  and 
explanations  about  the  process,  Reynolds  (1971)  offered  the 
following: 


logical 


The  solution  of  this  problem  is  to  have 

systen,  independent  of  the  substantive  contcn „„„ 

be  used  to  specify  the  relation  expressed  in  a single 
s atement  as  well  as  the  implications  of  combinations  of 
statements.  There  should  be  shared  agreement  about  the 
l"'*  l0K‘Cal  systera  ‘ndePendo"‘ 
logical  system  could  be  used  with  different  theories 
treating  different  phenomena,  (p.  16) 


Pate  (1986)  concluded  his  research  by  enphasixing  the  need 
for  a unified  definition  of  the  architectural  design  process. 
Furthermore,  "a  general  theory  of  architectural  design  should  be 
formulated  that  could  be  universally  applied  to  various  types  of 
architectural  design  problems”  (p.  109).  Achieving  a unified 
definition  of  the  architectural  design  process  should  give  insight 
into  an  effective  utilisation  of  computers  within  this  process. 

This  in  turn  should  enable  computer  personnel  to  develop  the 
appropriate  CAAD  system  tor  designers. 


ted  to  practice  management 
general  accounting;  job 
i processing  . . . [that  is,]  a large 

id  costing"  (Stevens,  1981,  p.  82). 
is  conducted  by  Archi tectural  Record  for 
Results,"  1985).  This 


computers 

computer 


that  the  majority  of  "programs  ore  de 
within  the  following  throe  categories 
costing;  and  general  w 
proportion  devoted  the 

practitioners  in  the  United  States  (”T 
survey  was  addressed  to  architectural  firms.  Of 
computers  376  responded;  of  the  non-users  148  answer. 

The  non-users  comnented  that  they  did  not  hi 
because  they  were  "concerned  about  rapid  change 
capabilities,  and  systems  seem  outdated  before  you  can  learn  to 
use  them"  (p.  37).  Furthermore,  they  said  there  was  a "fear  of 

otraputers  by  principals  or  management  reluctant  to  change  from  the 
old  ways”  (p.  37). 

The  computerized  firms  responded  that  they  used  the  machines 
in  office  management,  project  cost  analysis  and  control,  project 
scheduling,  architectural  engineering,  and  graphics  functions. 
However,  they  stated  that  the  most  benefits  they  gained  from 
computers  were,  in  the  order  mentioned,  better  specifications 
writing,  office  management  efficiency,  accomplishing  better  job 
cost  estimates,  budget  and  cost  analyses,  incroase  in  working 
drawings  productivity,  and  simplification  of  the  task  of  preparing 
proposals  and  contracts.  A relatively  low  percentage  mentioned 
that  more  design  alternatives  can  be  studied  in  a given  time 


The  third  survey  was  conducted  in  1986  by  the  Association  for 
Computer-Aided  Design  in  Architecture  (ACADIA).  A questionnaire 
was  distributed  to  the  101  architectural  schools  which  were 
members  of  the  Association  of  Collegiate  Schools  of  Architecture 
(ACSA);  68  schools  responded.  The  survey  Indicated  that  the 
computer  curriculum  in  these  schools  was  general  ly  related  to 
applications  In  technology,  structures,  and  graphics.  Only  13 
schools  indicated  some  interest  and  reported  research  in  the  area 
of  computer  utilization  in  the  architectural  design  process  ("CAAD 
Activities,"  1986). 


I Praise  About  Computer  I 


n Architecture 


Cautions  a 

The  last  20  years  showed  a rapid  development  in  computer 
technology.  As  the  cost  of  the  machines  decreased,  many 
architectural  firms  introduced  the  computer  within  their  dally 
practice  in  a variety  of  areas.  As  in  any  momentous  technological 
development,  two  camps  of  thought  were  bound  to  develop  (Haviland, 
1966).  On  one  hand  there  are  the  "mnchine-f Irsters:  the  machine  is 
the  answer  to  all  problems,  and  has  the  ability  to  replace  the  man 

firstersi  the  machine  1 


iseful  tool  in  supplementing  the  architectural 
t has  its  limitations  (Dixon,  1984;  Haviland, 
1 Stoker  4 weingarten,  1983;  IVendle,  1983) 


design  process; 
1966;  Roberts,  191 


Wendle  (1983)  cautioned  that  blind  belief  in  the  computer 
would  result  in  the  limitation  of  the  architect's  ability  to  think 
and  respond  creatively.  He  outlined  two  main  problems  confronting 

1.  Self-improvement  is  not  automatic.  That  is.  a poorly 
Implemented  system  will  simply  record,  tabulate,  coordinate, 
and  print  the  wrong  infotmation  faster,  more  consistently, 
and  more  efficiently  than  the  htanan  replaced  by  it. 

2.  Those  who  are  interested  in  architectural  graphics 
applications  are  faced  with  the  problem  of  discerning  between 
precision  and  accuracy.  Computers  are  incredibly  precise 
while  the  priority  should  be  accuracy  rather  than  precision. 


Havi land 


combinations,  < 
(1965)  conoludoc 


(1966)  outlined  two  additional  problems  which  were 
10  computer,  in  spite  of  its  ability  to  uncover  new 
lead  thought  in  new  directions  by  listing  new 
does  not  produce  new  ideas.  Furthermore,  while  it 
data  along  any  predetermined  format,  it  looks  to 
for  subjective  evaluation  of  that  data.  Roberts 
d his  research  study  by  stating  that 


understands  only 
choices,  (p.  1). 


create.  It  is  a logical  machine,  which 
a few  complicated  languages.  ^lt  will 


Advances  in  computer  technology, 
possibilities.  Dixon  (1984)  and  St 
argued  that  graphics  programs  help 


however,  have  opened  up  new 
toker  and  Weingorten  (1983) 
the  architectural  designer 


"It  Is 


Architectural  Education 


Professional  Practice 


Integrating  new  technology  into  existing  practices  is  on  o 
and  difficult  problem.  It  Is,  perhaps,  especially  difficult  f, 
those  who  love  tradition  to  reconcile  the  demands  of  the  m 
technology  with  the  grace,  beauty,  and  accepted  standards  of  tl 
old,  familiar  ways.  This  problem  is  well  documented.  Echols  m 


Since  the  introduction  of  the  industrial  revolution,  the 
magnitude  of  the  social  and  physical  problems  and 
opportunities  has  greatly  expanded.  Changes  in 

methodologies,  techniques,  and  facilities  have  already 
occurred;  earlier  methods  became  traditional  and  new  and 
renew'd  methods  are  constantly  needed  to  replace  the 
older  orders.  This  process  is  continuous  in  the 
evolution  of  any  search  tor  the  requirements  and 
products  of  the  future,  (p.  77) 

This  problem  is  greatly  exacerbated  today,  because 

technological  changes  have  accelerated.  In  the  field  of 
architecture  there  Is  a growing  need  for  practitioners  to  employ 
the  latest  technology  in  order  to  be  competitive.  Yet,  this  must 
be  done  without  losing  the  unique  hunan  contribution— the  design 
of  the  structure. 

This  problem  extends  into  the  educational  system.  In  the  last 
two  decades  there  has  been  a growing  concern  that  fewer  students 

of  architecture  are  developing  the  skill,  and  knowledge  to  plan 

and  to  design  buildings  and,  at  the  some  time,  to  Incorporate  the 
best  of  modern  technology.  It  has  been  inplied  that  this  Is  a 
result  of  inadequate  academic  training.  The  schools  have  been 
examine  their  curricula  to  meet  the  needs  of  students 
who  wish  to  take  their  place  in  architectural  offices  upon 
graduation  (Greenfield,  1972). 


In  each  era  the  problem  I 
abilities  which  a student  shot 
architect  in  the  professional  a 
as  farsighted.  Scope  of  Tota 


r the  educators  i 


Archl tecture. 


book  now  regarded 
ay  Walter  Gropius 


(1955),  architectural  education  goals, 
broadly  stated.  Gropius  described  what  he  perceived  to  be  the 
important  ability  of  a young  architect,  namely  to  be  able  to  find 
his/her  way  in  whatever  circumstances.  "I  want  him  independent  to 
create  true,  genuine  forms  out  of  the  technical,  economic,  and 
social  conditions  in  which  he  finds  himself,  instead  of  imposing  a 
learned  formula  onto  surroundings  which  may  call  for  an  entirely 
different  solution"  (p.  17).  "What  I do  wont  is  to  make  young 
people  realize  how  inexhaustible  the  means  of  creation  ore  if  they 
make  use  of  the  inmmernble  modern  products  of  our  age,  and  to 
Ig  people  in  finding  their  solutions  ..." 


encourage  these  y< 
(p.  3). 


However,  the  relationship  b 
professional  practice  was  not 


tween  architectural  education  a 
settled  by  the 


le  education  o 


1 the  most  important  and  interesting  aspects  of 
s complex  relationship  concerns  the  gap  between 
le  student  and  what  the  marketplace  demands.  In 


hand),  that  architectural  education  should 
- necessary  professional,  praotical,  and 
and  abilities  in  students  for  than  to 
in  architectural  practice  at  entry  level 


technical 

positions.  . . , ur  ( on  the  otJler  j,and  th 

architectural  education  should  be  a trulv”"  libera! 

‘ education  s sake,  while  addressing  professional 
t productive  preparation  of  young 


professionals  1 


Cope  land,  in  1384,  described  how  the  architectural  schools 
attempt  to  resolve  the  dual  needs  within  the  limits  of  the 


Architectural  education  should  provide  a balance  between 
training — that  is  the  imparting  of  necessary  skills — 
and  the  acquisition  of  knowledge,  that  component 
enabling  the  student  to  make  proper  use  of  the  skills 
d11*1  ibl*  °rhh°  h°S  aoqulPei1-  • • ■ Therefore  in 
types  of  instruction  are  offered,  professional  and 
general ; the  first  providing  vocational  training 
combined  with  the  essentials  of  a liberal  education,  and 
the  second  giving  a liberal  education  in  which  history 
and  appreciation  of  art  and  its  technical  expression  in 
drawing  and  design  form  the  major  interest,  (p.  45) 


Copeland  proposed  that  architectural  educators  conceptualize 
the  curricula  and  that  educational  programs  should  be  organized 
around  three  areas:  (a)  knowledge,  (b)  training,  and  (c)  practice. 
Today,  to  effectively  incorporate  the  last  area  into  the 


to  look  at  what  the  profession  needs. 
One  aspect  of  modern  practice  that  is  becoming  more  and  more 
important  is  the  use  of  computers. 

Me She f trey  (1385)  wrote  that  there  should  be  a very  close 
integration  of  computer  skills  with  construction  practices  in 
architectural  education.  He  comnented  that  when  the  technological 
aspects  of  architecture  are  separated  from  the  whole  creative 
process,  then  there  Is  a disservice  to  the  education  ot  students. 
He  emphasized  that  computers  will  be  prominent  in  the  future  of 
architecture. 

The  lamed  late  future  may  also  provide  an  even  greater 
opportunity  for  cooperation  betiseen  professional  offices 
and  schools.  Barriers  between  practice  and  theory  can  be 
broken  down  even  further,  and  professional  developnent 
tn rough  a continual  education  process  may  become  the 


clear  ccmnt linen t to  research  and  research  methods  It 
education  is  to  otter  leadership  to  the  profession  and 
industry  rather  than  vioe  versa.  . . . Our  students  need 
to  have  secure  tooting,  so  that  they  are  not  afraid  to 
address  change  as  a natural  and  evolutionary  process. 

The  advent  of  the  microcomputer  and  the  widening  scope 
of  professional  services  arc  elements  that  will  assist 
us  in  enhancing  that  educational  process,  (pp.  55,56) 

Computer-aided  design  (CAD)  is  one  area  in  which  the  gap 
between  the  educational  sector  and  the  profession  is  seen  as 
especially  significant.  In  1984,  Thomas  Lanear  conducted  a survey 
to  examine  the  current  efforts  of  both  educators  and  those  in  the 
Industry.  He  wanted  to  determine  how  aware  each  was  of  the 
other  s problems  in  the  area  of  developing  CAD-capable  personnel. 
The  data  were  collected  through  interviews  of  executives  at  firms 
using  CAD  and  educators  at  universities  and  vocational  schools 

The  responses  revealed  that  some  problems  in  the  industrial 
sector  were  as  follows:  Established  designers  resist  the 
implementation  of  CADj  the  installation  of  CAD  systems  is 
expensive,  especially  for  smaller  architectural  firms;  and  there 
is  the  need  for  management  awareness  of  CAD.  To  help  solve  the 
industry's  problems  it  was  suggested  that  educators  could  help  by 
teaching  courses  in  "managing  change"  to  engineering  and 
architecture  students.  In  addition,  the  education  sector  could 
research  low-cost  CAD  methodology. 

The  survey  revealed  that  the  main  problems  In  the  education 
sector  are  shortage  of  qualified  instructors,  funding,  and  the 
development  of  appropriate  resources  and  course  materials.  It  was 


suggested 


industry  in  solving 


oducalionol 


f funding,  : 


problems  could  be  to  provide  three  elds 
trained  part-time  instructors  f ran 
employment  training  for  instructors  to  i 

Considering  that  there  is  a gap  between  architectural 
education  and  professional  practice,  the  question  arises  as  to 
what  should  be  done.  To  reduce  this  gap,  Filson  (1095)  proposed  a 
post-first-professional-degree  which  involves  clinical  educational 
programs  leading  to  certification  to  achieve  early  competence  in 
practice.  "A  nirnber  of  clinical  education  centers  similar  to 
'teaching  hospitals'  could  be  established  around  the  country  at 
schools  interested  in  such  activities,  with  a three-year 
curriculun  involved  especially  in  professional  development" 


The  Filson  proposal  is  one  method  in  the  effort  to  reduce  the 
gap  between  architectural  education  and  practice.  The  goal,  to 
bring  the  two  sectors  together,  is  a theme  in  the  literature 
surveyed.  In  1954,  for  Instance,  Bannister  said: 


The  schools  have  plenty  of  scope  to  pursue  their 
necessary  and  legitimate  objectives.  They  will  do  well 
to  maintain  the  closest  liaison  with  the  profession  in 
order  to  adjust  content  and  method  to  the  changing  needs 
of  practice.  And,  by  the  same  token,  the  profession, 
too,  must  apply  its  highest  wisdom,  most  sympathetic 
understanding,  and  most  penetrating  vision  to  the 


The  Nominal  Group  Technique  (NGT) 

The  Nominal  Group  Technique  (NGT),  developed  by  Andre  L. 
Delbeeq  and  Andrew  H.  Van  de  Ven  In  1968,  is  used  to  enhance  the 


generation,  exploration,  and  coranunication  of  ideas  relevant  to 
problem-solving  situations  (Mortensen  A Holmes,  1983).  It  was 
developed  based  on  social-psychological  studies  of  decision 

conferences,  management  science  studies  of  aggregating  group 
judgments,  and  social  work  studies  of  problems  surrounding 

participation  in  program  planning  (Delbecq,  Van  de  Ven  a 
Gustafson,  1975).  Since  it  was  developed,  the  NGT  has  gained 
extensive  recognition  and  has  been  widely  applied  in  health, 
social  service,  education,  industry,  and  government  organizations. 

The  NGT  is  used  to  identify  end  collect  information  in  a 
small  group  setting.  It  is  a special-purpose  group  process 
appropriate  for  identifying  elements  of  a problem 
identifying  elements  of  a solution 
priorities  (Scott  A Dedrick,  1982).  "I 
a structured  setting  for  obtaining  qui 
groups  who  are  familiar  with  a slti 
(Price,  1985,  p.  3) . Unlike  most  ini 
where  interaction  among  members  take 


am,  and  establishing 
process  that  provides 
ive  information  fran 
or  a problem  area" 
acting  group  techniques, 
place  with  very  little 


e NGT  requires  individuals  to  work  with  the  presence 
of  others  but  does  not  allow  verbal  interaction  except  at  specific 
times  (Ford  A Nemiroff,  1975;  Mortensen  A Holmes,  1983). 

The  NGT  panel  should  consist  of  5 to  10  members  (Delbecq,  Van 
de  Ven,  A Gustafson,  1975;  Ford  A Nemiroff,  1975;  Gepson, 
Martinko,  A Belina,  1981;  Newell,  1978).  Research  focused  on 
decision  making  shows  that  "a  group  made  up  of  less  than  fiv 
members  lacks  resources  in  terns  of  the  number  of  critical 
Judgments  available  to  analyze  the  problem  and  arrive  at  a 


1 


Holmes,  1983,  p.  9).  Moreover,  in  Iho  curriculum  development  field 
it  was  strongly  recommended  that  planners  should  use  this  staple 
technique  which  would  allow  them  to  identify  rapidly  the  range  of 
issues  central  to  their  course,  and  which  enhances  the  process  of 
experience  exchange  prior  to  problem-solution  (Hogarty,  1977). 


Summary 

The  literature  reviewed  in  this  chapter  revealed  three  main 

points: 

1.  Computers  ore  being  introduced  rapidly  into  the  architectural 
profession.  There  is  Interest  in  incorporating  computers  Into 
the  design  process.  In  addition,  there  is  an  expressed  need 
for  architectural  schools  to  integrate  computers  effectively 
within  the  design  education  studios. 

2.  Computer  technology  is  expensive  and  is  under-utilised  in  the 
architectural  schools.  This  is  resulting  in  a gap  between 
education  and  practice. 

3.  The  debate  between  educators  and  practitioners  on  how  to 
effectively  utilise  computers  in  the  design  process  is  on- 


Review  of  tho  literature  points  to  the  usefulness  of  a study 
that  would  try  to  Identify  the  potential  uses  of  computers  within 
the  architectural  design  process  as  well  as  the  curriculum  needs 
that  would  allow  the  integration  of  computers  within  architectural 
design  education  studios.  The  Nominal  Group  Technique,  shown  by 
the  literature  to  be  a useful  currlculun  development  tool  would  be 
an  appropriate  way  to  conduct  the  needed  research 


PROCEDURES 


General  Research  Design 

This  research  was  carried  out  in  three  phases.  Phase  I was 
conducted  in  the  form  of  a Nominal  Group  Technique  (NGT).  A group 
of  10  faculty  members  from  the  Department  of  Architecture, 
University  of  Florida,  were  selected  to  participate  in  the  NGT 
panel.  Two  NGT  meetings  were  held  on  two  separate  days  to  allow 
participants  to  respond  to  the  research  questions  of  this  study. 
In  the  first  meeting  the  panel  discussed  the  potential  uses  of 
computers  within  the  architectural  design  process,  and  in  the 
second  meeting,  the  panel  discussed  the  eurrlculun  needs  that 
would  allow  the  Integration  of  computers  within  architectural 
design  education  studios. 

In  Phase  II,  the  findings  of  the  two  NGT  meetings  were 
distributed  to  the  architectural  schools  which  were  numbers  of  the 
Association  of  Collegiate  Schools  of  Architecture  (ACSA)  and  to  a 
randan  sample  of  architectural  firms.  A comparison  of  the 
educators'  perceptions  and  evaluations  of  these  findings  with 
those  of  practitioners  served  as  the  base  for  the  fl 


e analyses  conducted  li 


literature 


for  the  developnent  of  a designer/computer  interactive  model  and 
an  architectural  dosign/computer  Integrative  currlculim  proposal. 


[1  Group  Technique  ( 


) Participant 


The  NGT  panel  was  comprised  of  10  faculty  members  from  the 
Department  of  Architecture  at  the  University  of  Florida  (see 
Appendix  A).  The  Dean  of  the  College  of  Architecture  and  the  head 
of  the  Computer  Development  Comnlttee  nominated  ti 
two  criteria:  involvement 

knowledge  and/or  research  a 


teaching  architectural  design  . 
related  to  oomputer-aii 


Architectural  Schools  and  Firms  Sample 

1\w)  groups  of  subjects  participated  In  the  third  phase  of  the 
study.  Subjects  invited  for  the  first  group  were  architectural 
educators.  Subjects  invited  for  the  second  group  were 
architectural  practitioners.  The  architectural  educators  selected 
were  faculty  members  of  those  100  schools  listed  in  the  1986-87 
directory  of  the  Association  of  Collegiate  Schools  of  Architecture 
(ACSA) , The  architectural  practitioners  were  associated  with  firms 
selected  from  the  198S  directory  of  registered  firms  in  the 
southeast  and  northeast  regions. 

The  selection  of  the  original  list  of  firms  was  based  on  the 
following  criteria:  the  fine  siae  (five  or  more  numbers),  type  of 
work  (at  least  75%  architectural  design  projects),  and 


location 


( located 


in  cities  with  population  of  75,000  or  more).  A random 
sample  of  ISO  architectural  firms  was  selected  from  the  original 

The  architectural  schools  were  organized  into  two  subsets  as 
follows;  architectural  schools  currently  involved  in  computer- 
related  research  activities  and  having  experience  in  specific 
computer  applications  within  the  architectural  design  process 
(computerised  setting),  and  architectural  schools  not  involved  in 
computer-related  research  activities  and  applications  (non- 
computerised setting)  according  to  respondent  self-report. 

The  sample  of  architectural  firms  was  organised  into  two 
similar  subset  groups  using  the  some  criteria  as  for  the 
educators.  Architectural  schools  and  firms  were  assigned  to  these 
subsets  to  allow  for  a comparison  of  the  responses  of  educators 
with  those  of  practitioners.  The  comparison  was  based  upon  the 
type  of  setting  in  which  they  worked. 


Procedures  and  Collection  of  Data 


After  the  development  of  the  tw 
Nominal  Group  Technique  (NGT)  panel  o 
with  the  assistance  of  the 
University  of  Florida,  an; 


o research  questions,  the 
f participants  was  selected 
* College  of  Architecture, 
of  the  Computer  Development 
Committee  in  the  college.  This  researcher  met  with  the  selected 
M3T  participants  individually,  indicating 


unique 


qualifications  i 


n ascribed  t; 


reviewing 


process  of  the  two  NOT  meetings,  stressing  the  meeting's 
objectives,  outlining  the  requirements  for  participation,  and 


providing  the  needed  clarifications 
the  nature  of  the  NGT  process.  Due  to  the  nal 
process,  It  was  decided  that  a faculty  lumber 
group  facilitator  (leader)  of  the  two  meetings. 


research  questions  ai 


>e  Nominal  Group  Technique  Meeting  ( 


outlined  by 
Gustafson, 


The  first  NGT  meeting  involved  the  n 
5 technique's  developers  (Delbecq,  Van 
?5)  as  follows: 

Introduction  to  meeting:  During  tl 

facilitator  welcomed  each  participant 
as  well  as  the  importance  of  the  meeting,  and  pointed  to  the 
Importance  of  each  group  member's  contribution.  This  step  was 
needed  because  when  Individuals  come  together  to  participate 
in  a group  setting,  perceptions  of  why  the  group  was  formed 
will  affect  performance  (Delbecq,  Van  de  Ven,  a Gustafson, 


discussed  the  purpose 


Silent  generation  of  ideas:  In  the 

process  each  participant  was  give 
research  question  at  the  top~"What  are  the  potential  uses  of 
computers  within  the  architectural  design  process?”  After 
reading  the  research  question  to  the  group,  the  facilitator 
asked  each  participant  to  write  silently  and  independently  as 
many  Ideas  as  could  be  thought  of  i„  response  to  this 
question.  Those  responses  were  required  to  be  made  in  abort 
phrases  or  in  a few  words.  A period  of  approximately  five 
minutes  was  allowed  for  this  step. 


Round-robin  listing:  After  completion  of  the  individual 
assignment  as  described  in  step  two,  the  group  facilitator 
asked  the  participants  to  share  their  ideas  with  the  entire 
group.  Each  group  matter,  in  turn,  presented  one  idea  at  a 
time  which  was  recorded  verbatim  by  the  facilitator  on  a 
flip-chart.  This  process  continued  without  discussion,  until 
all  ideas  were  recorded.  At  the  same  time  the  group 
facilitator  encouraged  the  generation  of  additional  now  ideas 
based  on  the  ones  presented  by  the  others  in  the  group.  The 
product  of  this  step  was  a list  of  38  potential  uses  of 
computers  within  the  architectural  design  process  (see 

Discussion  for  clarification;  After  all  of  the  ideas  wore 
listed  on  the  flip-chart,  the  facilitator  led  a group 
discussion  on  the  recorded  ideas  for  the  purpose  of 
elaboration  and  clarification.  The  purposes  of  this  step  were 
to  make  sure  that  each  participant  fully  understood  the 
meaning  of  each  idea  listed  and  to  allow  presentation  of 
different  opinions  without  undue  argunents. 

Ranking  of  Ideas,  This  step  of  the  NGT  process  enabled 
participants  to  arrive  at  a preliminary  group  consensus 
prioritizing  each  idea  on  the  total  list  according  to  its 
perceived  importance.  Each  participant,  without  interacting 
with  others,  was  asked  to  select  the  nine  most  important 
ideas  (potential  uses  of  computers)  from  the  total  list  and 
write  than  on  separate  3"xS"  index  cards.  Next  thev  were 


priority. 


ranking 


values  were  assigned 
were  collected  by  the 
Tabulation  of  results 


together, 


ea  (9  high-1  low).  The  cards 
s group  facilitator  and  were  shuffled. 
t!  After  shuffling  all  the  cards 
anonymity,  the  facilitator  asked  a group 

d it  on  the  flip-chart.  A preliminary 
de  regarding  the  importance  and  priority 


ranking,  the 
preliminary  vc 
patterns.  The 


facilitator 
:e  examining 


ifter  the  tabulation 
l a group  discussion 
inconsistencies  in  the 


judged 


participants  were  given  a final  voting  fon 

ranked  order  of  importance,  and  rate  each  idea 
its  potential  on  a 0-10  scale  where  10  in 
potential  and  0 indicated  low  potential . 

I results:  After  completion  o 


Tabulation  o 


e Appendix  F) 
most  important 


flip-chart 


p facilitator  recorded  tl 


e process.  A group  decision 
was  made  regarding  the  importance  and  the  priority  of  each 
idea  concerning  the  potential  use  of  counters  within  the 


architectural  design  process  b. 


multiplied  by  the 


was  ranked . The  ideas  that  were  assigned  values  by  the 
participants  became  items  listed  on  the  data  sheets  (see 
Appendix  D). 


Eight  participants  we 
which  involved  the  first  3 
the  first  NGT  meeting, 
because  fewer  ideas  wert 
research  question — "What  ai 


! able  to  attend  the  second  NGT  meeting 
: steps  of  the  nine  steps  undertaken  in 
'he  last  three  steps  were  eliminated 
generated  in  answering  the  second 
the  currieulwn  needs  that  would  allow 


the  integration  of  computers  within  architectural  design  education 
studios?"  Furthermore,  there  was  less  diversity  in  the  ranking  of 
the  ideas  among  the  participants.  The  process  of  the  second  NGT 
meeting  followed  steps  one  through  five  and  step  nine  of  the  first 
NGT  meeting. 

The  product  of  this  meeting  was 
the  curriculun  needs  (changes)  that 


computers  w 


n design  education  studios  ( 
> the  participants  were  ask 


>f  19  ideas  related  ti 
ow  the  integration  o 
,e  Appendix  C).  Fror 


A group  decision  w 


Irst  NGT  meeting.  , 

:e  and  priority  of  each  idea  by  obtain 
sun  of  ranks  multiplied  by  the  nunber  o 
!d  (sec  Appendix  E)  using  a similar  finn 
it  meeting  of  the  NGT  (see  Appendix  G). 


ie  completion  o: 


o NGT  meetings, 


developed,  one  for  architectural  schools  and  the  othor  for 
architectural  firms.  The  questionnaires  surmarized  these  ideas 
and  sought  the  evaluation  of  them  from  both  architectural 

educators  and  practitioners.  With  the  assistance  of  the  Dean  and 
faculty  members  of  the  College  of  Architecture  at  the  University 
of  Florida,  this  researcher  tested  the  format  of  the  two 
instrunents  and  made  the  required  changes  based  on  their  feedback. 

After  the  formulation  of  the  final  copy  of  the  two 
questionnaires  (see  Appendices  1 & K),  one  questionnaire  was 
mailed  to  the  100  architectural  schools  which  were  manbers  of  the 
Association  of  Collegiate  Schools  of  Architecture  and  a second 
questionnaire  was  mailed  to  a randomly  selected  sample  of  150 
architectural  firms.  A letter  was  attached  to  the  questionnaires 
Architecture,  reviewing  the 
udy,  and  asking  the  cooperation 
e Appendices  11  A j).  me 


he  Dean  of  the  College 
, the  significance  of  the  . 
schools  and  firms  ( 


questionnaires  were  followed  by  telephone  calls 
The  total  number  of  respondents  from 
schools  was  47  (47%  of  the  schools'  sample), 
number  of  respondents  from  the  architectural  fli 
of  the  firms'  sample). 


practitioners  (firms)  of 
Technique  (NGT)  meetings. 


Instrumentation 

questionnaires  developed  were  designed  to  seek  the 
it  the  architectural  educators  (schools)  and 
he  Nominal  Group 


Tha  questionnaire  designed  for  the  architectural  schools 
divided  Into  three  sections  (see  Appendix  I).  The  first  seel 
asked  for  general  information  regarding  the  availability 
computers,  computer-aided  design  courses  offered,  and  the  areas 
application  for  computers  in  the  school.  The  aim  of  this  sect 
was  to  identity  the  type  of  setting  of  the  school,  that 
whether  It  was  computerized  or  not. 

In  the  second  section  of  the  questionnaire,  23  Ideas  from 
38  ideas  generated  in  the  first  NOT  meeting  were  listed. 

directly  related 
e potential  use  ol 


after  eliminating 
development 

and  similar  ideas.  Tl 
questionnaire. 

Opposite  each  iti 
section,  two  colunns  wi 
asked  to  check  whether 
design  function  under  consideration.  The 


original  list 
le  theoretical 
jse  of  computers  in  the 
ind  canbining  overlapping 
placed  as  items  on  the 


(design  function)  listed  in  the  second 
1 provided.  In  colunn  A,  respondents  were 
ey  were  using  computers  in  the  specific 


determine  whether 


e rating  checked  by  the  respondent 
potential  use  of  computers  within  this  function  was 
experience  or  perception, 
to  check  the  potential  ui 

second  section  for  the  respondents  to  a< 
functions  (Ideas)  in  which  computers  may 


computers  within  the  design  function 
Space  was  provided  at  the  end  of  the 
' additional  design 
potential. 


The  third  section  presented  a summary  of  the  currioulun  needs 
(changes)  that  would  allow  the  integration  of  computers  within 
architectural  design  education  studios.  These  needs  were  generated 
In  the  second  NGT  meeting.  Eight  items  of  curriculum  needs  were 
eliminated  fran  the  original  list  because  they  represented  self- 
evident  conditions,  for  example,  the  presence  of  a sufficient 
number  of  computers  and  an  adequate  yearly  computer-support 
budget.  The  list  of  the  remaining  11  items  was  divided  into  three 
subsections  for  changes  related  to  (a)  currioulun  scope,  (b) 
method  of  teaching,  and  (c)  support  staff  and  activities.  Opposite 
the  item  of  change  listed  in  the  third  section  two  colums  were 
provided.  In  column  A,  the  respondents  were  asked  to  check  whether 
or  not  they  implemented  the  currioulun  change  under  consideration 


or  not  the  schools'  perceptions  of  the  change  were  based  on 
experience.  In  column  8,  the  respondents  were  usked  to  check  their 
perceptions  of  the  currioulun  change  under  consideration  on  a 
scale  ranging  from  "strongly  disagree"  to  "strongly  agree."  Space 
was  provided  at  the  end  of  the  third  section  for  the  respondents 
to  add  any  additional  changes  not  listed. 

The  questionnaire  designed  for  the  architectural  firms  was 
divided  Into  two  sections  (see  Appendix  K) . The  first  section 
asked  for  general  information  regarding  the  use  of  oonputers  In 
daily  practice  and  the  areas  of  application  in  the  surveyed  firnis. 
As  in  the  questionnaire  designed  for  the  schools,  the  aim  of  this 
section  was  to  determine  whether  or  not  the  firm  had  a 
computerized  setting.  The  second  section  was  designed  exactly  as 


canparison  of  responses. 


schools'  questionnaire  to  allow  a 


Data  Analysis 
In  the  first  part  of  the  analysis 
computer  use  and  currlculun  needs,  the 
potential  within  each  Itan  of  use 
importance  for  each  Item  of  currlculun  i 
score  of  overall  I tan  priority,  for 
currlculun  needs,  was  detemiined  by 
assigned  by  participants  for  each  itan  ar 
number  of  times  the  i tern  was  ranked. 


the  item  rankings  for  both 
rating  of  the  computer's 


both  potential  use  and 

id  then  multiplying  by  the 
The  formula  used  is  as 


P - the  overall  item  priority 


The  importance-value  for  each  currlculun  need  (change)  Itan 
and  the  potential-value  for  each  computer  use  Item  was  derived 
using  the  following  formula: 


SR  = th*"1  llnpor,anee  or  patent lal 
NP  = total  nuttier  of  participants 


In  the  second  part  of  the  analysis  all  data 
questionnaire  responses  were  coded.  With  regard 
perception  of  the  currlculun  needs  (changes) 


ho  educators' 
integrating 


computers  within  architectural  design  education  studios,  the  data 
were  divided  into  two  groups  based  on  the  work  setting 
(computerized  and  non-eomputerized).  Values  were  assigned  to  the 


A one-way  analysis 
setting  and  to  test  i 


eale  used,  where  "strongly  agree 
strongly  disagree”  was  assigned 
of  variance  (ANOVAJ  was  use 
een  educators'  perception  based 
null  Hypothesis  1 of  this  study: 


assigned 


There  Is  no  significant  difference  between  two 
categories  of  architectural  educators  in  their 
perception  of  curriculun  needs  that  would  allow  the 
integration  of  computers  within  architectural  design 
education  studios. 


is  nnalysis,  the  i 
was  the  dependent  variable  and  the 
ndependont  variable  with  two  levels.  The 
n the  framework  of  a general  linear 


educators'  perception  for  the 
le  and  the  type  of  setting  was 
svels.  The  data  were  analyzed 
(GLM) . The 


1 significance  o 
n alpha  level  of  .05.  Th 


n difference  w 


diagramned 


Educators  in  non- 
computerized setting 

Educators  in  computer- 
ized setting 


Strongly 
Disagree  Disagree 

(2)  (1) 


CHAPTER  IV 

PRESENTATION  OF  THE  RESULTS 


The  purpose  of  this  study  was  to  Identify  the  potential  uses 
of  computers  within  the  architectural  design  process,  to  identify 
curriculun  needs  for  integrating  computers  within  architectural 
design  education  studios,  and  to  develop  a proposal  for 
integrating  computers  within  the  architectural  design  process  and 
curriculun. 

the  Nominal  Group  Technique  (NGT).  Two  meetings  were  held  which 
produced  two  lists  of  potential  uses  of  computers  and  curriculun 
needs  that  would  allow  the  integration  of  computers  within 
architectural  studios.  In  the  second  phase  of  this  study,  a 
questionnaire  was  developed  in  order  to  obtain  architectural 
educators'  and  practitioners'  perceptions  of  the  NGT  findings  of 
the  potential  uses  of  computers  and  the  educators'  perception  of 
the  curriculun  needs.  Responses  to  the  questionnaire  from  47 
educators  and  S8  practitioners  were  divided  for  each  level  of 
profession  into  two  levels  of  settings:  computerised  (users)  and 
non-computerized  (non-users).  The  data  were  analyzed  with  a one- 
way analysis  and  a two-way  analysis  of  variance  (ANOVA). 


process,  statistical  analyses, 


literature 


base  for  the  development  of  a deslgner/computer  interactive  model 
and  an  architectural  dcsign/computer  integrative  proposal.  This 
chapter  Includes  a description  of  the  results  of  the  Nominal  Group 
Technique  process  (Phase  I)  and  the  testing  of  the  null  hypotheses 
(Phase  II).  The  description  of  the  interactive  model  and 
Integrative  proposal  (Phase  111)  are  presented  in  Chapter  V. 


Ncminal  Group  Technique  (NGT)  Results 
The  ideas  generated  from  the  two  NGT  meetings  with  the 
computed  priority,  potential  of  computers,  and  importance  of 
currlculun  needs  are  presented  in  Appondices  B,  C,  D,  and  E.  The 
nine  most  important  potential  uses  of  computers  within  the 

presented  in  Table  2.  The  seven  most  important  curriculun  needs 
that  would  allow  the  integration  of  ccmputers  within  architectural 
design  education  studios,  ranked  according  to  priority,  are 

panel  group's  decision  regarding  the  priority  of  each  iton  by 
obtaining  a value  score  of  the  sun  of  ranks  multiplied  by  the 


priority  ranking  of  items  between  the  first  two  items  and  the 
remaining  seven.  The  figures  also  show  that  the  itan,  matrix 
modeling  of  ideas,  was  higher  in  priority  ranking  than  was  the 
item,  solid  modeling  to  visualise  architectural  forms.  In  spite  of 
the  higher  ranking  for  the  former  use,  the  panel  agreed  that 
cunputers  have  more  potential  in  the  latter  use. 


Priority 


x No.  Ranked  Priority  Potential 


o visualize 


Movement  through  s; 
Site  analysis 


Transformation  studies 
Sketchpad 

Comparisons  to  existing 


A similar  discrepancy  in  priorities  and  potential  uses 
computers  can  be  noted  in  rankings  4.5  (tie),  6,  and  7 and 
last  two  rankings  on  the  list.  While  the  use  of  computers  in 
analysis  was  ranked  4.5  (tied  with  movement  through  space)  in 
priority  list,  the  panel's  voting  showed  that  the  potential  us 
computers  within  this  design  function  was  less  than  the  sixth 

for  the  eighth  item,  sketchpad.  While  it  was  ranked  higher 
the  item,  canparison  to  existing  models,  the  panel  thought 
computers  have  less  potential  in  functioning  as  sketchpads. 

This  discrepancy  outlined  above  can  be  explained  by 
nature  of  the  instrument  (see  Appendix  F) . The  priority  si 
showed  the  panel's  perception  of  those  design  functions  where 
most  valuable  in  the  ovei 


hand,  the  potential  scale  indicated 
e canputers'  contribution  within  the 


computer's  contribution 

the  panel's  perception  t 
specific  design  function. 

Table  3 includes  a list  of  the  seven  most  important 
currlculun  needs  that  would  allow  the  integration  of  computers 
within  design  studios,  ranked  according  to  priority.  In  spite  of 
the  variety  of  needs  generated  in  the  NGT  meeting  which  were 
grouped  in  three  main  categories  (currlculun  scope,  method  of 
teaching,  and  support  staff  and  activities),  it  is  worth  noting 
t at  all  seven  of  the  items  to  which  the  NGT  panel  gave  highest 
priority  and  importance  tall  in  the  category  of  support  staff  and 
activities.  The  panel  perceived  that  unless  these  conditions  are 
met— adequate  support  budget,  appropriate  software  and  hardware, 


Seven  Most  Important  Currlculun  N 
NGT  82  Ranked  According  to  Priority 


Generated 


x No.  Ranked  Priority  Importance 


faculty 

Adequate  yearly  computer 
support  budget 


ff  (technicians) 
e computer  development 


Provide  faculty  with 
appropriate  hard-software 


Hire  computer-a 


time  for  (acuity  and  students'  training,  and  time  for  curriculum 
planning— computers  will  not  be  effectively  integrated  In  the 
design  studios.  These  conditions  were  also  emphasized  by  the 
surveyed  architectural  schools  In  the  second  part  of  this  study. 


Statistical  Analysis 

Four  hypotheses  were  postulated  for  this  study.  T 
hypotheses  pertained  to  no  difference  among  the  variables 
architectural  profession  and  work  setting.  In  testing  the  fir 
null  hypothesis,  the  researcher  conducted  a one-way  analysis 
variance  with  the  overall  score  of  educators'  perception  of  ti 


curriculum 


setting  (schools  which 
curriculum  change);  am 
have  not  implemented  th, 
and  standard  deviations  : 
setting  are  presented  in 


i administered  instrument  a 
lalyzed  was  the  type  of  wor 
>f  work  setting  factor  w 


the  dependent 
e computerized 


have  already  Implemented  the  specific 
non-computer Ized  setting  (schools  which 
specific  curriculum  change).  The  means 
ound  In  the  analysis  of  the  two  levels  of 


Standard  Deviations  of  Educators'  Perception 


le  Curriculum  Needs 


Group  Mean  Standard  Deviation 


Computerized  3.65 


i-ccmputerlzed 


Hypothesis  I:  There  is  no  significant  difference  between 
two  categories  of  architectural  educators  in  their 
perception  of  currioulun  needs  that  would  allow  the 
integration  of  computers  within  architectural  design 
education  studios. 

Hypothesis  1 was  tested  using  an  alpha  level  of  .05.  The 
results  of  this  analysis  are  presented  in  Table  5.  The  analysis 
yielded  a calculated  t of  31.64 , £=0.0001  which  was  significant 
for  Hypothesis  1.  The  researcher  concluded  that  at  95%  confidence 
level  the  null  hypothesis  was  rejected.  Thus,  there  was 
significant  difference  between  those  architectural  educators  who 
were  working  in  computerized  settings  and  those  architectural 
educators  who  were  working  in  non-computerized  settings  in  their 
perception  of  the  curriculun  needs,  presented  in  the  surveyed 
instrument  (see  Appendik  I),  that  would  allow  the  integration  of 
computers  within  architectural  design  education  studios.  Educators 
working  in  computerized  settings  perceived  the  curriculum  needs 
presented  to  be  more  important  than  educators  working  In  non- 
computerized settings. 


A Surma  ry  Ti 


ir  Hypothesis 


one-way  analysis 


according 
greater  I 


identity  whore  the  important  difference  occurred  wrong  the 
of  curriculum  needs  presented,  the  researcher  conducted  a 
variance  within  the  framework  of  a general 
for  each  item.  The  calculated  P-ratlo  was  used  to 
greatest  difference  occurring  between  the  two  groups 
1.  The  11  items  of  curriculun  needs  ranked  in  order 
he  calculated  £-ratlo  are  presented  In  Table  6.  The 
-ratio,  the  greater  the  difference  between  the  two 
specific  item.  The  £ value  from  the  analysis  for 
s presented  to  provide  some  indication  of  the 
categorization  of  eoch  item  of  the 


erenee.  Furthermore, 
ioulun  needs  (changes)  Is  provided.  This  categorization 
d on  the  nature  of  change,  whether  the  change  occurs  in 
<f  teaching  (WT),  or  support  s 


curriculun  scope  (CS) 
and  activities  (SS). 


curriculum 


e indicate  tl 


items  the  calculated  P-ra 

difference  between  the  perception  of  the  two  groups  except 
<n  number  9.  Architectural  educators  working  In  computerized 
changes  to  be  more  important  for  the 
integration  of  computers  than  educators 
computerized  settings. 


settings  perceived 


working  in  r 
e perceptions  of  both  groups  agreed 
the  Importance  of  hiring  computer-oriented  support  st 
(technicians)  to  effectively  integrate  computers  within  the  dos 
studios  were  similar. 


median,  the 


e ranking  list  (itan  #8)  as  the 
ost  important  differences  between 


the  two  groups  occurred  in  the  items  related  to  the  method  of 
teaching.  However,  the  greatest  difference  was  in  the  need  to 
introduce  computer  graphics  courses  ns  prerequisite  to  design. 
While  educators  working  in  computerised  settings  perceived  the 
Introduction  of  computer  graphics  courses  as  important,  educators 
in  non-cenpu  ter [ zed  settings  perceived  it  as  the  least  important. 

In  Tables  7 and  8,  the  currlculun  needs  items  ore  ranked  in 
order  of  the  perceived  importance  assigned  to  them  from  each 
group.  The  tables  indicate  that  both  groups  perceived  the  changes 
in  the  method  of  teaching  to  be  the  least  Important  in  their 
ranking  of  items.  However,  educators  working  in  a computerized 
settings  considered  changes  in  method  of  teaching  to  be  Important 
as  needed  overall  changes,  as  indicated  by  their  average  score, 


educators  working  in  non-camputerized  settings  considered  changes 
in  method  of  teaching  not  to  be  important,  as  indicated  by  their 


Both  groups  agreed  that,  to  Integrate  computers  effectively, 
consideration  should  be  given  more  to  changes  in  support  staff  and 
activities  than  to  changes  In  curriculum  scope.  Furthermore,  the 
data  show  that  educators  working  in  computerized  settings 
perceived  all  items  to  be  important  with  a high  mean  score  of  3.80 
and  a low  mean  score  of  3.30.  Educators  working  In  non- 
computerized setting  perceived  the  overall  items  to  be  less 
Important,  with  a high  mean  score  of  3.29  and  a low  mean  score  of 
2.05.  In  addition,  educators  working  in  non-computerized  settings 
perceived  more  than  half  the  number  of  items  (6  items)  to  be  not 


7.  Curriculun  Needs  Items  Ranked  According  to  Sloan  Score  or 
Importance  for  Educators  Working  in  Computerized  Setting 


I (SS)  promote  computer-related  research  projects 

I (CS)  supplement  introductory  courses  in 

architectural  drawing  with  computer  literacy 
and  programing  courses 

1 (MT)  require  students  to  integrate  simultaneously 
th'  jjrlJerla  (struct“res,  thermal,  etc.)  in 

(SS)  hire  computer-oriented  architectural  faculty 
(SS)  hire  computer-oriented  support  staff 


i (MT)  require  students  to  do  more  analysis  of 

complex  data  systems  required  for  architectural 
projects  program  development 


Notes  (CS)  = curricuiltn  scope 
(MT)  = method  of  teaching 
(SS)  = support  staff  and  activities 


Curriculum  I 
Setting 


Items  Ranked  According  to  Mean  Score  of 
Educators  Working  In  Non-congiuterieed 


th  computer  literacy 


) supplement  introductory 
architectural  drawing  w 

) require  s 

the  design  process 
I hire  computer-oriented  architectural  faculty  I 
) require  students  to  do  more  analysis  of 

complex  data  systems  required  for  architectural 
projects  program  development  5 


) - curriculum  scope 

')  = method  of  teaching 

) = support  staff  and  activities 


important,  with 


disagreed 


overall  score  of  educators' 


rd,  and  fourth  null  hypotheses, 
ay  analysis  of  variance  with 
d practitioners'  perception  of 


potential  uses  of  computers  on  the  adninlstered  instrunent  a 
dependent  variable.  The  two  factors  analysed  were  the  ty 
profession  and  the  type  of  work  setting.  The  two  levels  o 
type  of  profession  factor  were  architectural  educators 
architectural  practitioners.  The  two  levels  of  the  type  of 
sotting  factor  were  users  (computerized  setting)  and  non 
(non-computerized)  setting.  The  means  and  standard 
found  in  the  analysis  of  the  four  groups  are  presented 


Means  and  Standard  Deviations 
Practitioners'  Perception  of  the 
Computers 


Educators/Users 
Prnct 1 t ioners/Users 
Educators/Non-users 
Practitloners/Non-us 


hypotheses. 


! S 1 


their  perception  of  the  potential  uses  of  computers  within  the 
erchltectural  design  process.  Architectural  educators  perceived 
computers  to  have  more  potential  within  the  overall  architectural 
design  process  than  architectural  practitioners.  For  Hypothesis  3, 
there  was  a significant  difference  between  those  architectural 
educators  and  practitioners  who  were  using  computers  and  those 
architectural  educators  and  practitioners  who  were  not  using 
computers  in  their  perception  of  the  potential  uses  of  computers 
within  the  architectural  design  process.  Architectural  educators 
and  practitioners  who  were  using  computers  perceived  computers  to 
have  more  potential  in  the  overall  design  process  than  those 
architectural  educators  and  practitioners  who  were  not  using 
computers.  As  for  Hypothesis  4,  there  was 

interaction  between  the  levels  of  setting  and  lev 
categorized  in  Hypothesis  3. 

The  overall  _P-ratios  presented  in  Table  1 
greatest  difference  among  the  four  groups  occur 
setting  levels.  This  indicated  that  the  factor 
using  computers  had  the  greater  Impact  on  bo 
educators'  and  practitioners'  perception  of 

potential. 

To  identity  where  the  difference  occurred 
groups  for  each  item,  the  researcher  conducted  a 
of  variance  for  each  item  of  the  potential  us< 
within  the  architectural  design  process  (see  Appendix  I).  The  dat 
were  analyzed  within  the  framework  of  a general  linear  model.  Th 
33  Items  of  potential  uses  of  computers  In  rank  order  according  t 


• significant 
of  profession 


i archi  tectural 


ray  analysis 
' computers 


the  overall  calculated  F are  presented  In  Table  1: 
calculated  F,  the  greater  the  difference  among  tl 
value  for  each  item  was  presented  to  provide  saw 
the  difference.  The  categorization  of  each  iton 


■ groups . The 
indication  r 
f potential  ui 


the  four  groups  f 


(T)  or  non-technlcal  (NT)  process, 
noted  that  differences  existed  between  two  or  among 
:ems  except  item  12.  For  a an  12,  design 
IS  no  difference  among  the  four  groups. 
Interactions  between  the  two  factors  of 
analysis  for  items  3 and  13,  yet  the  testing  of  the  overall 
hypotheses  revealed  no  interaction.  The  set  alpha  of  .05  means 
that  5 out  of  100  hypotheses  would  be  rejected  by  chance.  Out  of 
the  23  hypotheses,  2 would  be  rejected  by  chance.  Therefore,  the 
two  interactions  produced  from  the  analysis  of  the  individual 
items  could  be  ignored. 

Using  the  twelfth  item  (item  *22)  on  the  1 
Table  11  Indicates  that  most  differences  among 
occurred  in  the  non-technical  (NT)  items.  Educators  and  users 
perceived  computers  to  have  higher  potential  in  the  non-technical 
items  than  did  practitioners  and  non-users.  The  overall  calculated 
F presented  in  Table  10  and  the  ranking  of  itens  in  Table  11 
suggest  that  the  difference  is  explained  mainly  by  the  type  of 
work  setting  (20  items)  rather  than  by  the  profession. 

The  23  items  of  potential  uses  of  computers  ranked  in  order 
perceived  potential  given  to  than  by  all 


groups 


participants 


I- 

ll 

L 
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Description 


(NT)  evaluate  final  design  solution 
(T)  comparison  to  existing  models 

(NT)  respond  simultaneously  to  quantitative  and 

qualitative  program  requirements  in  the  design 
process 

(MT)  sketch  pad  (to  use  as  a pencil  and  pad  to 

Discriminator  between  items  with  potential  and 
with  less  potential 


Items  with  highest  perceived  potential  dealt 
computers  to  generate  two-dimensional  and  tl 
and  3D)  drawings.  However,  considering  item 
can  be  noted  that  the  participants  perceived 
more  potential  in  technical  (T)  tasks  and  tasks  i 
generation  of  physical  alternatives  that  would  he  1 j 
in  the  decision  process.  This  is  also  indicated 
item  14  to  be  the  discriminator  between  those  with  potential  and 
those  with  less  potential  (mean  of  3 or  more).  The  overall 
! computer's  potential  was  greatest  within  the 


elp  the  architect 
considering 


perception  of 


Stannary 

Ncminal  Group  Technique  (NOT)  meetings  were  held,  which 

it  potential  uses  of  computers  and  curriculun 

needs  that  would  allow  the  integration  of  computers  within 

architectural  design  studios.  Although  the  complete  lists  were 

used  as  a base  for  the  instrtsnent,  a further  refinonent  of  the 

original  lists  occurred  in  the  lost  stent  nf  the  urm  

1 steps  or  the  NOT  process, 

where  participants  wore  asked  to  identify  and  rank  the  nmst 

important  items  In  each  area  (potential  uses  and  curriculun 

needs).  This  process  produced  a list  of  nine  most  important 

potential  uses  and  seven  most  important  curriculun  needs 

(changes).  The  panel  clearly  indicated  that  changes  in  support 

staff  and  activities  are  absolutely  essential  for  the  effective 

Integration  of  computers  wi thin  archi teotural  design  education 

studios. 


i developed 


Using  the  responses  to  the  instrunent, 
based  on  the  NGT  findings,  four  null  hypotheses  were  tested. 
Hypothesis  1 posited  no  significant  difference  between  two 
categories  of  architectural  educators,  based  on  their  type  of  work 
setting,  in  their  perception  of  the  curriculun  needs  that  would 
allow  the  integration  of  computers  within  architectural  design 
education  studios.  The  analysis  supported  a rejection  of 
Hypothesis  l. 

Hypothesis  2 posited  no  significant  difference  between 
architectural  educators  and  architectural  practitioners  in  their 
perception  of  the  potential  uses  of  computers  within  the 
architectural  design  process.  Hypothesis  3 posited  no  significant 
difference  between  two  categories  of  architectural  educators  and 
practitoners,  based  on  their  work  setting,  In  their  perception  of 
the  potential  uses  of  computers  within  the  architectural  design 
process.  Hypothesis  4 posited  no  interaction  between  the  setting 
levels  and  the  profession  levels  categorized  in  Hypothesis  3.  The 
hypotheses  were  tested  by  a two-way  analysis  of  variance.  The 
analysis  supported  rejection  of  Hypotheses  2 a 
of  Hypothesis  4. 

Further  data  analyses  were  undertaken 
specific  curriculun  needs  Items  and  potential 
Important  differences.  Por  the  curriculun  needs 
showed  that  both  groups  of  educators  perceived  th 
teaching  method  to  be  the  least  Important, 
perceived  changes  related  to  the  support  staff 


identify  which 


eds,  the  analysis 

Furthermore,  they 
and  activities  to 


the  most  important  In  effectively  integrating  computers  in  the 
design  education  studios. 

For  the  potential  uses  items,  the  analysis  showed  that  the 
ms  explained  mainly  by  the  type  of  work 
1 "»st  important  difference  existed  within 
technical  tasks,  where  individuals  using 
hem  to  have  more  potential  than  did  those 
t using  computers.  Furthermore,  the  overall 
for  all  participants  showed  that  computers 
the  technical  tasks  and  In  generation  of 
that  would  help  the  architect  in  the 


greatest  difference  ■ 
setting  variable.  Th. 

computers  perceived 
individuals  who  were  n< 
perception  of  each  itoi 
had  high  potential  ir 
physical  alternatives 


CHAPTER  V 

APPLICATION  OF  COMPUTERS  TO  ARCHITECTURE: 

N INTERACTIVE  MODEL  AND  AN  INTEGRATIVE  PROPOSAL 


The  results  presented  in  Chapter  IV  indicated  that  there  were 
differences  between  the  two  levels  of  the  profession  factor  and 
between  the  two  levels  of  the  setting  factor  in  the  perception  of 
potential  uses  of  computers  within  the  architectural  design 
process.  Analysis  of  the  data  showed  that  architects  (educators  as 
well  as  practitioners)  perceived  computers  to  have  more  potential 
within  the  technical  tasks.  Furthermore,  the  data  showed  that  the 
most  influential  factor  in  accepting  computers  as  useful  tools 
that  have  potential  in  the  architectural  design  process  was  the 
type  of  work  setting.  Those  architects  who  used  computers 
perceived  them  to  have  more  potential  than  the  non-users. 

The  purpose  of  Phase  III  was  to  develop  a proposal  for 
integrating  computers  within  the  architectural  design  process  and 
curriculum.  A model  for  "designer/computer  interaction”  within  the 
architectural  design  process  is  presented  in  this  chapter.  This 
model  was  developed  based  on  (a)  the  Five-step  Design  Process 
presented  in  Snyder  and  Cataneae  (1979),  (b)  the  literature  review 
of  this  study,  and  (c)  conclusions  from  the  data  of  this  research. 
In  addition,  a proposal  for  integrating  computers  within 
architectural  education  programs  was  developed  based  on  the 
conclusions  from  the  data  in  this  study. 


Designer/ Computer  Interactive 


(quantitative  t; 


iow  undertaken  for  this  study  and  the 
analysis  of  architects'  perception  of  the  potential  uses  of 
computers  underscored  how  the  computer  is  a useful  tool  for 
providing  the  designer  with  the  proper  information  on  which  to 
base  design  decisions.  Computers  have  high  potential  in  working  ns 
manipulation,  calculation,  and  display  devices 
Having  these  tasks  performed  well  will  give 
more  time  to  the  designer  for  creative  reasoning  and  the 
qualitative  tasks  associated  with  the  process. 

figure  1 shows  the  Designer/Computer  Interactive  Model.  The 
figure  illustrates  the  interaction  process  between  the  designer 
and  the  computer  within  the  five  steps  of  the  architectural  design 
process.  As  suggested  in  this  model,  the  roles  of  both  the 
designer  and  the  computer  are  conceived  in  such  a way  that  the 
potential  contribution  of  each  is  maximized.  That  1 
is  not  expected  to  make  qualitative  decisions  and  I 
freed  from  time-consuning  tasks  which  the  computer 


e designer  is 
i particularly 


well  suited  to  perform  in  a more  accurate  and  efficient  . 
Inasmuch  as  the  qualitative  and  quantitative  aspects  of 
architectural  design  process  are  equally  Indispensable, 
contributions  of  the  designer  and  the  computer  are  b 
and  complementary.  These  contributions  are 

1.  Initiation;  This  step  Involves  the  recognition  and  definition 
of  the  problem  to  be  solved.  In  this  step  both  the  client  and 
the  designer  identify  the  design  problem  under  consideration 
and  state  the  needs  and  overall  design  criteria. 


Preparation  (analysis):  This  step  includes  the  collection 
analysis  of  Information  about  the  problen  to  be  solved, 
this  step  the  computer  is  used  to  search,  collect, 
analyze  data  related  to  the  design  project.  This  Includes 
gathering  and  analysis  of  relevant  site  and  area  , 
(natural  and  made  environment,  etc.),  financial  < 
(economic  feasibility  study),  and  design  criteria 
specific  buildings  types.  As  a final  product,  computers  wt 
provide  a written  sunnary  of  the  needs  and  requirements 
the  project,  and  the  criteria,  along  with 
analysis  that  identifies  the  important  issues  to  be  resolved 
(program). 

Proposal  Making  (synthesis),  This  step  Includes  the 
generation  of  ideas  and  design  proposals  (alternatives).  Both 
the  designer  and  the  computer  interact  and  complement  each 
other.  The  designer  develops  the  major  design  concept 
(qualitative  criteria)  and  proposes  alternative  schanes  as 
solutions  to  the  design  problem.  The  computer  acts  as  a 
display  device  by  generating  2D  and  3D  drawings  for  these 
alternatives.  In  the  process  the  computer  would  perform  the 
quantitative  analysis  tasks  needed  to  help  the  designer  in 
the  decision-making  process  (shade  * shadow  study, 
comparisons  to  existing  models,  etc.). 

Evaluation:  This  step  includes  the  evaluation  of  the  design 
proposals.  The  designer  evaluates  the  design  qualitatively 
(aesthetics,  performance,  etc.)  and  the  computer  is  used  to 
evaluate  the  design  quantitatively  (design  parameters. 


thermal 


structural  performance, 
types  of  evaluation,  the  designer  wc 
proposed  scheme.  This  ste; 


h the  evaluation 
I fully 

Integrated  element  at  every  step  of  the  process. 

Action:  After  the  acceptance  of  the  design  solution,  the 
computer  would  generate  the  needed  material  for  implementing 
the  design  (working  drawings,  construction  docunents. 


the  overall  proposed  design  according  l< 
criteria.  Evaluation  is  not,  however 
t stages  of  the  process;  It  i 


specifications, 


The  Designer/Computer  Interactive  Model  indicates  that 
computers  cannot  design  alone.  The  human  role  is  essential  to  the 
process.  While  the  designer  contributes  knowledge,  Imagination, 
and  qualitative  judgments,  the  computer  contributes  processing, 
manipulation,  calculation,  and  display  of  Information. 
Furthcmore,  the  computer’s  contribution  would  be  significant  in 
the  simultaneous  quantitative  evaluation  throughout  the  entire 
architectural  design  process. 


An  Outline  Proposal  for  an  Architectural  Design/Ccmputer 

The  data  analysis  of  this  study  showed  how  familiarity  with 
computers  affects  the  perception  of  its  potential.  The  data 
provided  evidence  that  resistance  to  computer  application,  within 
the  architectural  design  process  is  directly  related  to  the  degree 
of  computer  usage.  While  those  who  use  computers 


potential 


potential 


process,  non-users  see  less 
of  the  significant  difference  between  the  users' 
perceptions,  both  groups  see  the  application  01 
inevitable  In  the  quantitative  tasks  of  the  design 
Overcoming  this  resistance  Involves  teaching  i 
knowledge  and  skills,  so  that  new  graduates  ol 

This  could  be  achieved  by  the  introduction  of  both 
elective  computer  literacy  and  graphics  oours 
architectural  curriculum  The  main  objectives  woul 
(a)  to  allow  students  to  become  familiar  with  the  c 


architectural  design 
application.  In  spite 


e appropriate 
architectural 


capabilities 


future  decisions  about 


computer  use  by  individuals  are  based 
and/or  fear  of  change.  Furthermore, 
foster  the  development  of  the  skills 
to  take  full  advantage  of  computers 
design  process,  as  proposed  In  Figure  ; 

working  drawings  in  the  way  that  most 


on  knowledge,  not  lack  of  it 
architectural  schools  should 
that  would  allow  architects 
within  the  architectural 
1.  That  is,  computers  should 
Is  for  the  generation  of 
architectural  professional 


computers  within 


presents  an  outline  proposal  for  integrating 
architectural  education  programs.  The  figure 
curriculum  emphases  of  a first  professional 
md  a master's  degree  In  architecture  including 


computer-aided  design  education  components. 


i 


B 


The  proposed  program  consists  of  a five-year  bachelor's 
degree  and  a one-year  master's  degree.  The  curriculum  of  the  first 
tv«o  years  of  the  program  emphasizes  basic  architectural 
comnunieatlon  media  (architectural  drawing,  perspectives, 
presentation  techniques,  etc.),  architectural  systems  (structural 
and  environmental  control  systems,  etc.),  and  required  computer 
courses.  These  computer  courses  should  emphasize  computer  literacy 
(familiarity  with  the  computer  and  introduction  to  programming) 
and  computer  graphics  (generation  of  graphics  with 
The  objective  of  these  requirements  is  to  make 
familiar  with  the  machine  and  its  capabilities 
graphics. 


he  computer), 
the  student 
i generating 


emphasizes  architectural  design  methods  and  appl 
architecture  technology,  and  computer  applications.  Dur 
years  at  least  one  design  project  with  computer  app 
should  be  required.  The  objective  of  this  is  to  enable 
students,  according  to  their  talents  and  interests,  to  | 


' program 


approach.  Ot 
optional.  In 
integrating 

application  of  th< 

the  student  would 
completion  (action  s 


ications 

dividual 


than  that,  computer  application  courses  should  be 
lese  courses  some  emphasis  should  be  given  to 
: technological  aspects  of  the  entire  design 

year  of  the  program  should  allow  an  overall 
he  knowledge  obtained  in  the  first  years.  This 
' assigning  a final  design  project  thesis  that 
arry  out  from  inception  (initiation  stop)  to 
ep).  In  addition,  architectural  professional 


practice 


offered.  During 


project,  students  should  be  able  to  fully  utilize  the  appropriate 
knowledge  and  experiences  with  computer  applications  within  the 
overall  design  process  as  carried  out  in  professional  practice. 

The  proposed  graduate  master's  degree  program  consists  of  one 
year  in  otxnputer-aided  design  (CAD)  and  other  architectural 
disciplines.  The  currioulun  of  the  CAD  program  should  put  emphasis 
on  advanced  computer  programming  and  application  courses. 

In  summary,  the  proposed  program  has  the  potential  to  present 
the  computer  as  a useful  tool  in  the  architectural  design  process. 
While  the  core  of  the  proposed  program  remains  the  architectural 
design  courses,  computer  skills  are  emphasized  so  that  graduate 
professionals  will  be  able  to  make  informed  judgments  about  the 
extent  of  computer  use  in  their  work.  This  proposed  program  aims 
at  providing  the  students  not  only  with  the  knowledge  of  how  to 


use  the  available  softwares  effectively,  but  also  with  the 
capabilities  to  modify  these  softwares  to  meet  their  needs. 


CHAPTER  VI 

SUMMARY,  DISCUSSION  AND  CONCLUSIONS,  AND  RECOMMENDATIONS 


of  writing  devoted  t 
design  process.  The 
profe5sionels  agreed 


f computers  In  the  arohl tectural 
! of  computers  In  architectural 


i inevitability.  The  question  is  what  impact  will 
f on  the  quality  of  the  design  process. 

This  Issue,  how  to  utilize  computers  in  design  practice  in 
architectural  offices,  has  created  a gap  in  the  relationship 
between  practitioners  and  educators.  The  literature  documented 
that  the  majority  of  architectural  practitioners  use  computers  as 
efficiency  tools  to  increase  productivity.  This  is  a reflection  of 
the  absence  of  instruction  in  the  educational  sector.  This  gap 
created  n debate  between  architectural  professionals  about  the  use 
of  computers  in  architecture.  The  question  of  how  and  where 
computers  could  be  best  utilized  to  enhance  lutnan  creativity 
within  the  design  process  has  not  been  answered, 
undertook  this  Investigation  to  answer  the  question:  i 
computers,  os  design  aids,  be  Integrated  effectively  li 


architectural  design  process 


education  studios? 


perception 
investigated. 

The  purpose 
of  computers  with 


o identify  the  potential  uses 
design  process,  to  identify 
Integration  of  computers 


within  architectural  design  education  studios,  and  to  develop  a 
proposal  for  integrating  computers  within  the  architectural  design 
process  and  curriculum.  The  investigation  was  undertaken  within 
three  phases.  The  first  phase  was  conducted  in  the  form  of  a 
Nominal  Group  Technique  (NGT).  A group  of  10  faculty  members  from 
the  Department  of  Architecture,  University  of  Florida, 
participated  in  the  NGT  panel.  This  panel  was  selected  with  the 
assistance  of  the  Dean  of  the  College  of  Architecture  and  the  head 
of  the  Computer  Development  Comnt ttee.  The  selection  was  based  on 
the  individuals'  involvement  in  teaching  architectural  design  and 
their  knowledge  and/or  research  activities  related  to  computer- 

T\vo  NGT  meetings  were  conducted.  In  the  initial  meeting,  the 
first  research  question— "What  are  the  potential  uses  of  computers 
within  the  architectural  design  process?"— was  discussed.  A list 
of  38  potential  uses  of  computers  was  generated.  In  the  second  NGT 
meeting,  the  second  research  question— "What  are  the  curriculum 
needs  that  would  allow  the  integration  of  computers  within 
architectural  design  education  studios?"— was  discussed.  A list  of 
19  curriculun  needs  was  generated. 

In  the  second  phase,  the  investigator  developed  two 
questionnaires  summarising  the  findings  of  the  NGT  process.  The 


dependent  v 


questionnaires  were  designed  to  seek  arohi teolural 
(schools)  and  architectural  practitioners'  (firms)  perceptions  of 
these  findings.  The  questionnaires  were  distributed  to  a random 
sample  of  150  architectural  firms  In  the  eastern  region  of  the 
United  States  and  100  architectural  schools  Who  were  moitoers  of 
>f  Collegiate  Schools  of  Architecture  (ACSA).  The 
ted  to  test  the  hypotheses  of  this  study.  Subjects 
l one  of  four  groups:  educators/users, 

, practitioners/users,  and  practitioners/non- 

. The  Independent  variables  were  the  profession 
levels  (educators  and  practitioners),  and  the 
■or,  with  two  levels  (users  and  non-users). 
Statistical  analysis  procedures  Included  a one-way  analysis  of 
variance  to  test  the  first  null  hypothesis  and  a two-way  analysis 
to  teat  the  second,  third,  end  fourth  null  hypotheses. 

Hypothesis  1 posited  no  significant  difference  between  two 
categories  of  architectural  educators,  based  on  their  work 
setting,  in  their  perception  of  the  ourriculun  needs  that  would 
allow  the  integration  of  computers  within  architectural  design 
education  studios.  It  was  tested  by  one-way  analysis  of  variance. 
The  analysis  supported  a rejection  of  Hypothesis  1 at  the  .05 


Hypothesis  2 posited 
architectural  educators  and 
perception  of  the  potential  uses  of 
architectural  design  process.  Hypothesis 


significant  difference  between 
I practitioners  in  their 
computers  within  the 
3 posited  no  significant 


difference  between  two  categories  of  architectural  educators  and 
practitioners,  based  on  their  work  setting,  in  their  perception  of 
the  potential  uses  of  computers  within  the  architectural  design 
process.  Hypothesis  4 posited  no  interaction  between  the  setting 
levels  and  profession  levels  categorised  in  Hypothesis  3.  The 
hypotheses  were  tested  by  a two-wny  analysis  of  variance.  At  the 
.05  level  the  analysis  supported  a rejection  of  Hypothesis  2 with 
L - 28.37,  £ = 0.0001;  rejection  of  Hypothesis  3 with 
£ = 106.25,  £ = 0.0001;  and  retention  of  Hypothesis  4 with 


Further  data  analysis  was  undertaken  to  identify  the 
occurrence  of  the  important  differences.  The  analysis  results 
Indicated  that  the  important  difference  between  architectural 
educators'  perception  of  the  curriculum  needs  occurred  in  the 
items  related  to  the  method  of  teaching.  However,  both  groups 
agreed  that  to  integrate  computers  effectively,  consideration 
should  be  given  first  to  changes  related  to  the  support  staff  and 
activities.  In  addition,  the  analysis  showed  that  the  difference 
in  the  perception  of  the  potential  uses  of  computers  among  the 
four  groups  was  mainly  explained  by  the  type  of  setting  (users  and 
non-users).  However,  both  users  and  non-users  perceived  computers 
to  hove  their  highest  potential  within  the  technical 


(quantitative)  tasks  of  the  architectural  design  process. 

In  the  third  phase,  a designer/computer  interactive  model  and 
an  architectural  design/computer  integrative  curriculum  proposal 
were  developed.  The  model  and  the  proposal  were  developed  based  on 


literature 


Discussion  and  Conclusions 


The  aim  of  this  research  was  to  determine  in  which  dosign 
functions  the  computer  would  effectively  aid  the  designer  in  the 
design  process  without  jeopardizing  the  design  quality. 
Determination  of  these  functions  reflect  both  the  experience  and 
opinion  of  architectural  educators  and  practitioners. 

After  Identifying  potential  uses  of  computers  and  curriculun 
needs,  through  the  Nominal  Group  Technique  (NGT),  the  researcher 
tested  the  four  hypotheses  postulated  for  this  study.  Within  the 
constraints  of  this  investigation,  null  Hypotheses  1,  S,  and  3 
were  rejected,  while  Hypothesis  4 was  retained. 

In  relation  to  the  potential  uses  of  computers,  the 

have  more  potential  within  the  architectural  design 
architectural  practitioners,  (b)  architectural 


process  tl 


i practitioners  who  were  using  canputers  perceived 
! more  potential  within  the  architectural  design 
architectural  educators  and  practitioners  who  were 

levels  of  setting  and  the  levels  of  profession.  In  other  words,  as 
a group,  educators  have  a higher  perception  than  practitioners  of 
the  usefulness  of  computers  within  the  architectural  design 
process.  However,  user3  in  both  groups  are  more  convinced  of  the 
computer's  potential  than  are  non-users. 

Therefore,  this  study  did  not  substantiate  the  claim 
suggested  in  the  literature  that  architectural  schools  were  well 
behind  architectural  practitioners  In  the  area  of  computer-aided 


educators 


d practitioners  was 


y the  emphasis  of 
practical  application, 


This  may  be  detrimental  to  providing  the  graduates  with  the  needed 
practical  knowledge  and  skills  ns  required  by  the  profession. 
Responses  to  the  questionnaire  and  further  analysis  of  the  data 
indicated  that  the  central  issue  here  was  quite  simply  the 
familiarity  with  the  computer!  Those  who  were  familiar  with  the 
computer  used  it  and  valued  it  in  varying  degrees,  while  those  who 
were  not  familiar  with  it  did  not  value  it  as  highly.  Examination 
of  the  overall  calculated  _P-ratlo  revealed  that  the  dichotomy 
between  the  educators  and  practitioners  discussed  in  the 
literature  was  not  nearly  so  great  or  far-reaching  in  its  effect 


A visual  examination  of  the  calculated  £-ratio  for  each 
individual  item  of  potential  uses  revealed  that  the  greatest 
difference  between  educators  and  practitioners,  and  between  users 
and  non-users  occurred  in  the  non-technical  (qualitative)  tasks. 
Nevertheless,  in  spite  of  the  higher  rating  or  the  non-tcchnical 
tasks  by  the  educators  and  users,  an  examination  of  the  calculated 


perceived  computers  to  have  the  highest  potential  in  teohnioal 
(quantitative)  tasks  and  as  a generator  and  display  device  for 
2D/3D  alternatives.  The  reseaoher  concluded  from  this  data  that 


practitioners,  users,  and  non-users.  At  the  very  least  the 
computer  could  be  effectively  employed  in  three  areas:  (a)  problem 
analysis,  (b)  generation  and  display  of  physical  alternatives  (2D, 
3D,  etc.),  and  (c)  quantitative  evaluation  tasks.  Given  the  time- 
consuning  nature  of  these  tasks  a consistent  interaction  between 
the  computer  and  the  designer  would  be  desirable.  This  will  not 
only  allow  these  tasks  to  be  performed  more  efficiently  and 
accurately  by  the  computer,  but  will  also  free  the  architect  from 
these  routine  tasks  to  devote  his/her  energies  to  creative 


In  relation  to  the  curriculum  needs,  the  researcher  concluded 
that  educators  working  In  computerized  settings  perceived  the 
currlculun  needs  presented  to  be  more  Important  to  effectively 
integrate  computers  within  architectural  design  education  studios 


than  did  educators  working  In 

individual  currlculun  need 
difference  between  both  groui 
related  to  changes  in  the  me 


n-computerized  settings, 
the  calculated  P-ratio 


each  item  within  each  group 


h groups  agreed  th 
e most  important 


order  to  effectively  integrate  computers  within  the  design 
education  studios.  Furthermore,  1 tens  related  to  changes  in  the 

working  in  non-computer lzed  settings  and  the  least  Important  by 
educators  working  in  computerized  settings. 


From  th 

is  analysis,  the  researcher  concluded  that  the  most 

important  ole 

ment  in  integrating  the  computer  within  architectural 

design  education  studios  is  the  effective  utilization  of  an 
adequate  support  staff  and  activities.  In  other  words,  the  method 
of  teaching  design  will  not  change  substantially  (with  the 
possible  exception  of  more  emphasis  on  encouraging  students  to 


Incorporate 

the  computer  in  their  design  projects)  and,  indeed, 

not  even  th 

e scope  of  the  curriculum  will  change  appreciably 

except  in  the 

inclusion  of  computer  literacy  and  graphics  courses. 

What  are  need. 

ed,  in  the  opinion  of  respondents,  are  sufficient  and 

appropriate  faculty,  technical  staff,  and  software  and  hardware 
to  support  workshops  and  more  intensive  practice  in  computer 


application. 

The  resulting  familiarity  with  the  computer,  hence 

the  removal 

of  the  main  deterrent  to  Its  use,  will  generate 

Interest  whit 

;h  would  feed  back  into  the  design  studios  and  would 

produce  a me 

ire  positive  attitude  and  a wider  application  of 

computers  within  the  architectural  design  process. 


Reoamnendat Ions 

Contrary 

to  implications  in  the  literature  that  educators  and 

practitioners 

are  at  odds  over  integrating  computers  into  the 

design  process,  the  researcher  found  that 


suggested.  This 
the  data  analysis 


praotitioners  ure  closer  together  than  has 
convergence  of  opinion  and  attitudes  ns  shoi 
points  to  clearly  definable  recomnendatlons 
fall  into  three  broad  categories:  those  dealing  with  the  design 

process  itself,  those  dealing  with  the  educational  background 
which  Is  the  Infrastructure  of  the  practicing  architect's  skills, 
and  those  suggesting  future  studies. 

Data  analysis  showed  strongest 
point:  Designers  and  computers  ca: 
efficiently  in  the  design  process 
especially  valuable  contributions  1: 

the  researcher  rocomnends  integrating  I 
of  the  design  process:  (a)  problen  ana 


display  of  preliminary  design  alternatives, 


i Interact  effectively  and 
with  canputers  making 
I technical  (quantitative) 
il  capabilities, 
ir  in  three  phases 
>)  generation  and 


o)  quantitative 


play  a significant  role  in 
be  used  and  its  possibilities 


language  o 


If  the  computer  is 
architectural  design,  It  mu 
explored.  The  three  functions 
ones,  will  be  helped  by  the  developnont 
architectural  design.  The 
others  (Reynolds,  1971),  that  architects  themselves  develop  a 
unified  terminology  for  those  computer  functions  applicable  to  the 
design  process.  This  will  contribute  to  the  effective  integration 
of  the  computer  by  (a)  facilitating  the  developnont  of  software 
with  widespread  applicability  and  (b)  improving  ccnmunlc.tlon. 
about  computer  usage  among  architecture  professionals  and  between 


architects  and  computer  program  designers.  It  is  hoped 
precise  and  widely-used  language  will  produce  software 
expressed  professional  needs  rather  than  on  the  consi 

The  data  suggest  that  familiarity 
element  in  its  effective  use.  The  moi 
computer,  the  more  positive  t 
application  in  the  design  process  and  t 
see  for  use  of  the  machines.  Therefore 


le  computer  i 


to  computer 
possibilities  they 


their  educational  experience,  architecture  students  ore  exposed  to 
basic  computer  applications  in  the  design  process.  Their  future 
decisions,  then,  to  use  or  not  to  use  the  canputer  in 
architectural  design  will  bo  based  on  their  knowledge  of  the 
computer's  capabilities. 

Enriching  existing  architectural  education  programs  with 
computer  experience  requires  substantial  financial  ooomitment  to 
provide  sufficient  and  appropriate  software  and  hardware.  In  order 
to  achieve  computer  literacy  among  architecture  graduates,  the 
following  are  recoimended  in  the  area  of  support  staff  and 
activities: 

1.  that  architecture  departments  Include  computer-oriented 
faculty, 

2.  that  sufficient  technicians  and  support  staff  bo  available  to 

3.  that  workshops  in  computer  applications  be  established  to 
train  faculty  and  students  or  enhance  their  experience,  and 

4.  that  computer-related  research  projects  be  promoted. 


While  no  radical  changes  In  the  scope  of  the  architectural 
curriculun  are  considered  necessary,  it  is  essential  that  existing 
programs  be  enriched  by  requiring  introductory  courses  in  computer 
literacy  and  computer  graphics  within  the  first  two  years  of  the 
program.  Elective  computer  application  courses  should  be  offered 
in  the  department  of  architecture  for  the  consumption  of 
interested  students. 

Early  introduction  of  the  computer  as  a design  tool  is 
important.  The  process  of  mastering  architectural  design  is,  like 
all  learning,  progressive.  While  students  are  learning  the 
fundamentals  of  design 


s of  paper  and  penci 1 , 
learning  techniques  of  design  using  the 
e incorporation  of  the  e 


should  begin  e. 


is  a design 

undergraduate  program  for  at  least 
two  reasons!  to  reduce  resistance  to  a new  approach  in  upper- 
division  studies  after  students  are  already  -fluent"  in 
traditional  techniques,  and  to  ensure  that  the  upper-division  is  a 
time  of  true  synthesis  and  of  polishing  all  skills,  and  not  a time 
to  start  over  by  introducing  unfamiliar  techniques. 

The  same  can  be  said  for  the  method  of  teaching.  Even  though 
presentation 
t researcher 
undergraduate  design  project 
1 design  process.  Specifically, 
researcher  rcoomnends  that  students  use  computers  to 
analyse  oompiex  data  systems  needed  for  the  generation  of  the 
design  requirements  (program), 


computers  b< 


study  indicated  that  no  changes  i 
to  be  essential  by  participants, 

V integrated  in  t 


2.  generate,  analyze,  and  test  quantitatively  two-dimensional 
and  three-dimensional  models  early  in  the  design  process, 

3.  integrate  simultaneously  all  quantitative  criteria 
(structural,  thermal,  code,  etc.)  In  the  design  process, 

4.  evaluate  quantitatively  the  design  alternatives,  and 

5.  perform  labor-intensive  tasks  (architectural  presentation  and 
details). 


the  interests  c 


of  computer  application  requires 

departments  allocate  sufficient  curriculun 
r for  the  planning  of  the  recomnended  Computer- 
Course  development  should  take  into  consideration 
students  and  the  needs  of  the  profession.  These 


elective  coui 
Architecture, 


courses  should  aim  at  creative  computer  application,  rather  than 
at  becoming  just  one  more  computer  science  course.  The  practical 
aspects  of  professional  education  suggest  that  both  required  and 
developed  by  and  taught  in  the  Department  of 
reap  imnediate  benefits  for  students  because 
ieir  direct  applicability. 

The  Nominal  Group  Technique  (NGT)  is  recomnended  by  the 
highly  effective  means  of  achieving  these  ends  by 
t affected  by  the 
>f  the  NGT  focuses  energies  on  a 
efficiently  producing  maximitn 


researcher 
bringing  together 
curriculum 
clearly  defined  problan, 


aid  in  the  design  process.  While  the  core  of  the  architectural 
currioullrn  should  ranain  the  design  courses,  computer  skills 
should  be  emphasised  in  order  that  professionals  be  able  to  make 
informed  judgments  about  the  extent  of  computer  usage  in  their 
work.  As  computer  technology  progresses,  it  is  likely  that 
functions  unforeseen  today  will  be  possible.  Basie  familiarity 
with  the  computer  will  be  essential.  There  Is  a strong  belief  on 


sf  ail  participants 

in  equally  strong  sens, 
ichnical  functions  m 


11  served  by  the  computer.  But 
among  architectural  educators 
y be  served  by  the  computer  as 


well.  This  sense  should  not  be  disregarded,  particularly  in  view 
of  the  upcoming  technology  of  artificial  intelligence. 

Even  without  technological  advances,  professionals  who  wish 
to  do  so  should  be  capable  of  changing  software  to  meet  their 
needs.  At  the  very  least , schools  of  architecture  should  offer 
courses  which  will  enable  architectural  students  to  acquire  the 
ability  to  modify  existing  software. 

A single  study  in  the  application  of  computers  to  the 
architectural  design  process  should  not  be  regarded  as  definitive. 
However,  it  is  hoped  that  this  study  will  iead  to  further  research 
in  specific  aspects  of  this  topic.  The  researcher  ha.  identified 
general  areas  in  which  the  computer  might  bo  applied!  further 
studies  should  be  conducted  on  specific  applications  to  specific 
proposed  design  functions.  Furthermore, 


proposal;  further  studies  leading 


gradual 


implementation  of  the  curriculum  proposal  s 
with  immediate  feedback  and  evaluation. 

the  design  process  is  the  lack  of  appropriate  software.  Studies  t< 
pursue  the  specific  application  of  computers  in  detail,  leading  t( 
the  development  of  the  needed  software  shoul 


joint  venture  between  architects  and  computer  science  personnel. 
The  architectural  profession  stands  In  need  of  computer  software 
created  by  design,  not  by  default. 

In  conclusion,  the  computer,  by  performing  repetitive  and 
quantitative  tasks  of  the  design  process,  will  allow  architects 


of  design.  However,  the  machines  will  best  serve  the  profession 
only  when  they  are  utilized  by  computer-literate  architects. 

Finally,  despite  these  findings  supporting  the  integration  of 
computers  within  the  design  process,  professionals  should  be 
careful  to  adapt  the  machine  to  the  discipline  and  not  vice  versa. 
The  creative  aspects  of  design  are  peculiarly  human.  The  quality 
of  the  architectural  design  process  should  not  be  jeopardized  in 


APPENDICES 


I tern  Description 


Model  physical  alternatives  3 
Design  cost  analysis 


Respond  to  qualitative  * qualitative  program 

Adjacency  studies 

Structural/E.T.  analysis 

Matrix  modeling  (hierarchy  and  relational) 

Examination  of  preliminary  design  alternatives 

Color  studies 

Elevational  alternatives 

Analyze  data  for  patterns  or  connections 

Data  bonk  of  design  details 

Porapectivol  alternatives 

Preliminary  energy  status 

Site  analysis 


shadow  studies 


Item  Description 

Solid  modeling  to  visualize  architectural  form 
Program  wri  ting  tool 
Spatial  imdellng 

Model  design  for  specific  criteria 

Transformation  studies 
Sketchpad 

Database  visual  presentation  (results  A methods) 
Development  of  construction  documents 

Space  planning 

Comparisons  to  existing  models 
Movement  through  space 
Evaluation 

Grid/order  manipulation 
Furniture/equipment  inventory 
Access  to  research  information 


Overlay  Investigation 
Modeling  interior  space 
Inventory  of  landscape  elements 


APPENDIX  C 
IDEAS  GENERATED  IN  NOT 


MEETING  #2 


Integrate  technological  c 


Hire  computer-oriented  faculty 

Provide  faculty  with  appropriate  hardware  and 
software 


Security  in  design  studios 

Adequate  yearly  computer  support  budget 

Require  students  to  test  design  solutions 

Introductory  courses  on  computer  graphics 
Need  of  large-scale  plotter  capabilities 
Establishing  computer  network 


curriculum  development 


Item  Nunber 


Description 


Establishing  computer-related  research  projects 
Provide  lots  of  micro-workstations 


Provide  optimun  design  sketching  capabilities 


APPENDIX  D 

RANKING  AND  PRIORITY  CALCULATION  FOR 


APPENDIX  E 

ITEM  RANKING  AND  PRIORITY  CALCULATION  FOR  NGT  #2 


Description 


Potential 


Instructions 
it  Important  Items  from 
is  by  using  the  number  ei 


I description 


APPENDIX  H 

ARCHITECTURAL  SCHOOLS'  QUESTIONNAIRE  ACCOMPANYING  LETTER 


conducted  in  the  College  of  Architecture  of  the  University  of 
Florida.  Its  objectives  ere  to  define:  1)  potential  uses  of 
computers  in  the  architectural  design  process,  and  2)  currlculun 
needs  for  effectives  uses  of  computers  in  the  design  education 


The  instrument  used  in  the  research  is  the  enclosed  questionnaire. 
It  should  be  answered  by  a person  whose  perception  of  the  issues 
closely  represents  your  school 's  views.  Perhaps  the  Chairman  of 
the  Currlculun  Comnittee  would  be  a good  choice.  If  your  school  is 
currently  involved  with  computer  applications  in  the  design 
process,  we  want  to  know  about  your  experience;  if  not,  we  would 
like  to  know  your  viewpoints  on  future  plans  for  using  computers 
in  the  design  process. 


I greatly  appreciate  return  of  the  questionnaire 
f-addressed,  stamped  envelope  before  January  ll 
,w„  -r  * *e  obtained,  we  i 


ir  consideration  ai 


Anthony  J.  Catancse 


QUESTIONNAIRE 


Appendix 


19)  Matrix  modeling  of  ideas  and 
concepts  (hierarchy  and  interrela- 


21)  Respond  simultaneously  to  quai 


ADDITIONAL  U, 


QUESTIONNAIRE 


APPENDIX  J 

ARCHITECTURAL  FIRMS'  QUESTIONNAIRE  ACCOMPANYING  LETTER 


Florida. 

computers 


to  ask  your  cooperation  with  a res 
i the  College  of  Architecture  of 
i objective  is  to  define  the 
the  architectural  design  process. 


the  University  of 


Enclosed  is  a questionnaire  designed  to  obtain  the  perceptions  of 
architects  throughout  the  nation  regarding  this  issue.  If  your 
firm  is  currently  using  computer-aided  design  systans,  we  want  to 
know  about  your  experience!  if  not,  we  would  like  your  viewpoint 
on  future  plans  for  using  canputers  in  the  design  process. 


Your  response  will  contribute  to  a better  pleture  of  the  uses  of 
computers  by  architects,  and  will  holp  us  better  design  our 


We  would  greatly  appreciate  return  of  the  questionnaire  in  the 
self-addressed,  stamped  envelope  before  January  16,  1387.  As  soon 
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"sr.” 
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! f!  ml  si  i!  si! « if!  I?  i!  i «!  t! 


?££*• 


Negroponte,  N.  (1973).  Futures  In  computing  activities. 
Environmental  Design  Research  Association.  KDRA-4 . 382-383. 

Newell,  C.  (197B).  Citlzon  participation:  A annual  of  techniques. 
Denton,  TX:  North  Texas  State  University,  Center  tor  Comnunity 
Services.  (ERIC  Document  Reproduction  Service  No.  ED  194  735) 


lishi,  I.  (1970).  Towards  the  c 
theoretical  framework  and 
Environmental  Doslgn  Research 


'Neil,  M.  J,,  4 Jackson,  L.  (1983).  Nominal  Group  Technique:  A 
process  for  initiating  curriculum  development  in  higher 

education.  Studies  in  Higher  Education.  8(2),  129-138. 


Orr,  J.  H.  (1985a,  January).  The  merits  of  design  automation. 
Canputer  Graphics  World,  pp.  83-84. 


Orr,  J.  H.  (1985b,  September).  Why  not  micros?  Canputer  Graphics 


Pate,  P.  J.  (1988).  The  impact  of  canputer-aided  architectural 
design  on  the  architectural  design  process.  Unpub  1 i shed 

master's  thesis.  University  of  Florida,  Gainesville. 


Pile,  J.  F.  (1979).  Design:  Purpose,  form  and  meaning.  Boston: 
University  of  Massachusetts. 


January).  Integrating  technologies:  CAD  and 


Pratt,  M.  K.  (1988,  Jonuary/Februnry) . Micro-CAD:  Fact  or  fantasy. 
Architectural  A Engineering  Systens.  pp.  10-11. 

Price,  K.  T. , Jr.  (1985).  A needs  assessment  model  for  marketing 
education.  Paper  presented  ut  the  American  Vocational 
Association  Convention.  Atlanta.GA.  (ERIC  Document  Reproduction 


Roimo^da,  P.  D.  (1971).  A primer  In  theory  construction. 


or®  lhc  nonusers  waiting  for?  (1985r"juneh 


ioberts , C.  (1965).  Cm 


interacting  group  processes  Tor  comolttee  decision  making 
effectiveness.  Academy  of  Management  Journal.  14,  203-212. 

aman,  H.  W.  (1975).  An  application  of  NGT  in  educational  systems 
analysis.  Educa t i ona 1 Techno logy.  15,  51-53. 

ndle,  R.  W.  (1983).  Some  cautions  on  computers.  Architecture 
(AIA  Journal).  72(9),  77-78. 

tto,  0.  R.  ( 1986 , January/February).  Affordable  CAD:  Taking  the 


BIOGRAPHICAL 


Mohamed  Meheamed  Aburawi  was  born  in  Cairo,  Egypt,  on  August 
20,  1956.  Ho  received  his  high  school  general  diploma  from  Tripoli 
High  School  in  June,  1974.  lie  was  awarded  a scholarship  from  the 
Secretary  of  Education,  Tripoli,  for  undergraduate  studies  in 
architecture  at  Ain  Shams  University,  Cairo,  Egypt.  He  received 
the  Bachelor  of  Science  degree  in  architectural  engineering  (5- 
year  professional  degree)  from  the  sane  institution  In  June,  1980. 

He  joined  the  National  Oil  Corporation,  Tripoli,  Libya,  as  an 
architect  in  the  Oil  Housing  Bureau  from  1980-1982. 


In  1982,  ho  was  awarded  a scholarship  for  graduate  studies  in 


architecture  from  the  Secretary 


Education,  Tripoli.  In  the  fall 


University  of  Elorida.  After  receiving  the  Master  of  Architecture 
degree  in  simmer,  1984,  he  started  his  doctoral  studies  in 
currlculun  and  instruction  in  the  sane  institution. 

While  pursuing  his  graduate  studies,  Mr.  Aburawi  was  awarded 
a graduate  teaching  asslstantship  during  the  period  1983-1986  and 
a graduate  research  asslstantship  in  sunmer  and  fall  1986  at  the 
University  of  Florida,  College  of  Architecture.  He  is  a member  of 
the  Association  for  Canputer-Aided  Design  in  Architecture  (ACADIA) 


I certify  that  I have  read  this  atudy  and  that  in  my  opinion 
s fully  adequate,  in  scope  and  quality,  j " ‘ 


a dissertation  fi 


Professor  of  Educational  Leadership 


degree  of  Doctor  of  Philosophy. 


irds  of  scholarly  presentation  and 
quality,  as  a dissertation  for  the 


Gordon  D. 


of  Educational  Leadership 


I certify  that  I hove  read  this  study  and  that  in  my  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  and  quality,  as  a dissertation  for  the 
dogree  of  Doctor  of  Philosophy. 


1 certify  that  I have  read  this  study  and  that  in  nw  opinion 
it  conforms  to  acceptable  standards  of  scholarly  presentation  and 
is  fully  adequate,  in  scope  nnd  quality,  as  a dissertation  for  the 
degree  of  Doctor  of  Phi losophy. 


Professor  of  Architecture 


of  Doctor  of  Philosophy. 


e requirements  fi 


f Education 


